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By William Goodman* 


HEN cooling and dehumidifying air by means 
of cold, wet surfaces, the condensation of mois 
ture from the air complicates the problem of 
computing the such The 
equations and methods presented in this article hav 
been developed in an effort to simplify these computa 


performance of surfaces. 


tions, and at the same time to illustrate the basic physical 
These methods and equations are not 
L.S.R.E. 
paper’; these new equations are analogous in form. to 


process involved. 
the same as those presented in the author's 


the more familiar equations used for computing the pet 
formance of dry surfaces.” In addition, the final dry 
bulb temperature of the air can now be computed by 
means of a simple equation, whereas a graphical method 
was used in the A.S.R.E. paper. 

The methods discussed here are equally applicable to 
direct expansion coils in which the temperature of the 
boiling refrigerant substantially to 
counterflow coils in which the temperature of the water 
The computations for both types will 
The accuracy of these methods 


is constant, and 
or brine changes. 
be discussed in detail. 
has been substantiated by tests on both direct expansion 
coils and counterflow water coils, the results of which 
will be discussed later. 

The methods presented here permit the individual film 
coefhicients of heat transfer to be determined from simple 
tests on actual coils without the use of thermocouple 
measurements of temperature. Although the 
method of determining these coefficients by test will be 
discussed later, no actual heat transfer coefficients will be 


surface 


presented because the coefficients for different coils vary. 
Such coefficients as are used in this article have been 
assumed only for the purpose of solving the various illus 
trative examples. 


Heat Transfer Across a Wetted Surface 


Equation 1 (derived in Appendix 2) is applicable to 
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surfaces covered with 
It can he 


moisture c 
used to find the area of wetted surface ne 


to cool and dehumidify a given quantity 


the wet bulb temperature of the air leaving a " 
given surface area. It can be used for direct expansi 
coils in which the temperature of the boiling ge 
is constant, or for counterflow coils in which the ter 
ature of a refrigerant such as water or brin 
flows through the coil 

} i i 4 

In this equation, //w is the total heat ret c 

coil; it is the sum of the sensible and latent heat lost 
the air {, is the erternal area of the coil It the 


is finned this includes the area of the fins 
\lthough Equation 1 is similar in appearance: 
transfet 


familiar heat formula for a dry surface 


fers from it in two important aspects 


l w, the ov all oemncient tor a wette 
puted in a slightly different manner than the valu 
dry surtace 
2. dw is not the mean temperatur 
enthalpy (total heat) difference 
These two quantities are discussed in etail im tiv 
sections that follow 
Equation | is derived in Appendix 2 by using an « 


pirical linear relationship between 
reason this equation is not universal in 
However, it does yield accurate results for the 
conditions ordinarily encountered 


Over-All Coefficient for a Wetted Surface 


over-all coefficient for a « 
tl 


| he value of Un. the 
face, 1s computed tron ie air and retrigerai 


efficients by 


; ; 
i 


The value of ( Ww. the ovel all coethcient tor a we sult 
face, is computed by the following equation derived in 


\ppendix 2 





New and simple formulas are developed by the author 
for computing the final dry and wet bulb tempera- 
tures of the air leaving a coil. Particularly note- 
worthy is the fact that the final wet bulb depression 


of the air is shown to depend upon the initial wet 
bulb depression of the air for both direct expansion 
and counterflow coils. This makes computation of 
the final dry bulb temperature the work of a moment 
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Symbols 
@ =a numerical coefficient. See Table 1. 
Aw = external area of wetted surface, sq ft. 
B =ratio of external to internal surface area of coil 
( = humid specific heat of air (average c = 0.243). 
d, = large enthalpy (total heat) difference, Btu. 
dy = mean enthalpy (total heat) difference, Btu. 
ds =small enthalpy (total heat) difference, Btu. 
D = wet bulb depression of the air, deg Fahr. 
D,, = large temperature difference, deg Fahr. 


Dy = mean temperature difference, deg Fahr. 
Ds = small temperature difference, deg Fahr. 


e -=base of natural logarithms. 

f, = coefficient of heat transfer through air film, Btu per 
hr per sq ft per degree of temperature difference. 

fx coefhcient of heat transfer through refrigerant film, 


Btu per hr per sq ft per degree of temperature dif- 
ference. 


G weight of air, lb per hr. 

h enthalpy (total heat) of humid air, Btu per lb of 
dry air. 

hr enthalpy (total heat) of saturated air at a tempera- 


ture equal to the refrigerant temperature, Btu per 
lb of dry air. 

hs enthalpy (total heat) of saturated air at a tempera- 
ture equal to the surface temperature, Btu per Ib of 
dry air. 

Hlw = total heat lost by the air flowing past the wetted 
surface, Btu per hr. 


V a numerical factor. See Equations 7 and 11 
t =dry bulb temperature, deg Fahr. 

t’ wet bulb temperature, deg Fahr. 

te refrigerant temperature, deg Fahr. 

ts surface temperature of coil, deg Fahr. 


(’» = over-all coefficient of heat transfer through dry 
surface of coil, Btu per hr per sq ft per degree of 
temperature difference. 

Uw = over-all coeffitient of heat transfer through wetted 
surface of coil, Btu per hr per sq ft per Btu of 
enthalpy difference 

Votes: 

The subscript 1 refers to the initial condition of the air 
or retrigerant entering the coil. The subscript 2 refers to 
the final condition of the air or refrigerant leaving the 
coil, 


\ll logarithms in formulas are to the base ¢ 











I c a 
—+B8 [3] 


Uw ls Tr 


The same values of the film coefficients f, and fr are 


The numerical value of these 
coefficients may be found either from the available liter- 
ature on the subject or, better still, from tests on actual 
coils as described later. For a finned coil, the values of 
Uy and Uy represent the heat transferred per square 
foot of external surface. 

In Equation 3, ¢ is the specific heat of air. In an 
analogous manner, a might be called the specific heat 
of saturated air as it represents the average total heat 
removed in cooling one pound of saturated air one de- 
gree and condensing moisture. The values of a in [3] 
depend only upon the temperature of the refrigerant and 
are tabulated in Table 1. Although the use of an average 
value of a for any given refrigerant temperature is accu- 
rate only over a limited range, it is satisfactory in the 
usual range of conditions found in air conditioning work 


used in both equations. 
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This is discussed in more Table 1—Values of a 


detail in Appendices 3 and for Use in Equation 3 
4. In the case of a refrig- 
erant like water, the tem- tn a In 
perature of which changes 20 0.372 | 45 0 56 
: 21 0 377 16 0 57 
as it flows through the 22 0 382 ‘7 4 
, 23 03 0) 
coil, the value of @ cor- 24 0 303 = ~~. 
responding to the initial -” a om as 
» re a ’ > frio- 26 0 405 Sl 0 62 
temperature of the refrig 5 fine = 0.63 
erant should be used. The 28 0 417 is O 64 
- — i 0 0 423 4 0.6 
reason for the variation in 
e . x” 0 430 > 0 66S 
the value of a with the re- 31 0 438 * 0 67 
es ‘ . 32 0 445 7 oO 6 
irigerant temperature 1s 33 0.452 58 0 70 
. . . > 4 0 460 0 071 
explained in Appendices 3 
to 0 468 w) 0 72 
and 4, where the method a. 0 476 a) 2 ti. 
of computing these values - y-- e — . i 
is also explained. 30 om | o 0.7 
fa¢ - ~ s “Cc 10 0 512 65 0 788 
Factors c and a occuf a ae 0.78 
in [3] because the quan 42 0 531 67 0.813 
i . x 3 0 541 os 0 827 
tity of heat transferred 4 0.551 69 O84 


through the outside air 

film of Fig. 1 is smaller 

than the quantity of heat transferred through tl 
internal refrigerant film. This statement may soun 
absurd, but it is readily understandable in the light 
the following explanation: Water vapor in the al 
mosphere exists in the form of superheated steam. N 
latent heat is released until this vapor has been coole 
and condensed. However, the vapor cannot condens: 
until it reaches the cold, wet surface. The water vapor: 
can reach the cold, wet surface only by travelling throug! 
the outside air film. There is an actual flow of vapor 
from the main air stream to the cold surface by diffusio 
and convection. After the water vapor reaches the cok 
surface, it condenses and the latent heat released is trans 


1 


ferred—together with the sensible heat surrendered by 


the air—through the metal wall of the tube to the refrige 
ant on the inside. Hence, it is evident that no latent 
heat is transferred through the outside air film: onl) 
sensible heat is transferred through this outside air filn 
along with the actual water vapor that passes throug! 
the air film by diffusion and convection. 

Example 1: For a given surface, fg = 12, fr = 300, and 
= 17. The temperature of the boiling refrigerant inside the 
is 42 deg. Find: (a) The value of Up for a dry surface. (| 
The value of Uw for a wet surface. 

Solution: (a) Using Equation 2, 

1 1 17 
ra i: on 
lp 12 300 
‘'y = 7.14 Btu per deg temp. diff. per hr per sq tt 

of surface. 


= 0.140 


Fig. 1—Diagrammatic representation of surface 

films, and change in enthalpy (total) heat) of 

h humid air as it flows over a cold, wet surface 
| 
' 
| 
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Table 2—Factors for Finding Log Mean Temperature 
Differences" 





Ds D™ D™ Ds Du D™ 
= VU - Ml 
m D1 Ds Di Di Ds 
l 2 3 i l 2 3 4 

0 00 | 0.0000 x x 0.50 | 0 7213 1 445 0 6932 
6 01 | 0.2150 | 21 500 | 4 6052 | 0.51 | 0 7276 1 427 | 0 6735 
0.02 | 0.2505 12.525 $9120 | 0.52 | 0 7341 1.412 0 6539 
003 | 0.2766 9 220 $+ 5065 | 0 53 | 0 7402 1 397 0 6350 
0 04 | 0.2982 7.455 | 3.2189 | 0.54 | 0.7464 1. 382 0.61638 
0.05 | 0.3171 6.342 | 2.9957 | 0.55 | 0.7528 1.369 | 0.5977 
0 06 | 0.3341 5 568 2 8136 ) 0.56 | O 7586 1 355 0 5800 
0 07 | 0.3497 4.996 | 2 6596 | 0.57 | 0 7653 1343 | O 5619 
0.08 | 0.3643 | 4.554 | 2.5257 | 0.58 | 0 7711 1.330 | 0.5447 
0 09 | 0.3779 4 199 2 4079 0 59 0 7770 1.317 0 45277 
010) 0.3900 3.909 2 3026 0 60 0 7827 1 305 0 5110 
011 0 4032 3.606 2 2072 0 61 0 7893 1 204 0 4941 
0.12 | 0 4151 3.459 2 1199 | 0 62 | 0 7948 1 282 0 4781 
0.13 0 4205 3.281 2 o399 0 63 0 SOll 1 272 0 4619 
0.14 0 4375 $.125 1 9657 0 64 0 SOO! 1 260 0 4466 
0.15 0 4479 2? O86 1 SO76 0 65 0 8130 1 251 0.4305 
0.16 0 4584 2 865 1 S326 0 66 0 SIS4 1 240 0 4154 
0.17 0 4685 2 756 1 7716 0 67 0 S234 1 220 0 4008 
0.18 | 0 4780 2 656 1 7156 0 OS 0 S201 1 219 0 3850 
0.19 | 0 4879 2 568 1 6601 0 69 0 8359 1 212 0 3709 
0.20 0 2 486 1.60904 0 70 0 8404 1 201 0 3570 
0 21 0 2 411 1 5607 0 71 0 8475 1.104 0 3422 
0.22 /)0 2 342 1.5140 | 0 72 | O 8522 1 184 0 3286 
023 :0 2 278 1 4697 0.73 0 S577 1 175 0.3148 
024) 0 2.219 1.4272 | 0 74 | 0 8642 1 168 | 0.3009 
0.25 | 0.5410 2.164 1 3863 |) 0.75 O S698 1.160 0 2874 
0 26 | 0.54904 2.113 1 3470) 0 76 O 8740 1.150 0 2746 
0 27 0 5575 2 065 1 3004 | 0 77 0 8792 1.142 0 2616 
0 28 | 0.5657 > 020 | 2729 0 78 0 S856 1.135 0 2484 
0.29 | 0.5736 1 978 1 2378 | 0 79 | O 8904 1.127 0 2359 
0 30 0 SS15 1 O38 1 2030 0 SO 0 SOO3 1.120 0 2231 
0.31 0 S891 1 900 1.1712 0&1 0 9015 1.113 0.2108 
0 32 0 5968 1 865 1 1304 0 S2 0 9071 1 106 0.19084 
0 33 0 6044 1 S32 1 1086 0 83 0 9125 1 099 0.1863 
0 34 0 6118 1.799 1 O78S 0 S84 0 9176 1 O91 0 1744 


OS6 0.1626 
O79 0.1508 
O73 0.13902 
067 0 1279 
O61 0.1165 


769 1 0498 | 0.85 0 9228 
740 1.0217 | 0 86 | O 9282 
O044 0 87 0 9336 
686 0 9677 0 SS 0 O385 
661 0.9416 | 0.89) 0 9440 


0.35 0 6192 
0 36 0 6204 
0 37 0 6336 
0.38 O 6407 
0 39 0 6479 


~~ 
te 


0 40 0 6548 1 637 0 9163 0 90 0 9492 1 055 0.1054 
0 41 0 O817 1 614 0 S016 0 91 0 9552 1 050 0 0942 
0 42 0 6686 1 592 0 S675 0 82 0 8590 1 O42 0 OS34 
0 43 | 0 6752 1.570 | 0.8442 | 0.93 | 0 9642 1.037 | 0.0726 
0 44 0 6820 1 540 0 S211 0 04 0 9701 1 O32 0 0619 
045 0.6889 1 531 0 7OS4 0 95 0 9754 1 027 0.0513 
0 46 0. 6034 1 512 0 7766 0 96 0 9792 1 020 0 0409 
0.47 | O 7018S 1.493 | 0.7552 | 0 97 | 0.9859 1 016 0.0304 
0.48 | 0 7086 1.476 0.7338 | 0.98 | 0 9906 1 O11 0.0202 
0.49 0.7148 1 459 0.7134 0 99 0 9950 1.005 0 0101 

1.00 1 0000 1.000 0 0000 


“This table 1s similar to Table 1 of “How to Solve Heat Transfer 
Problems,” Heatin Piping anp Atr Conpitiontnc, January, 1937 


(b) Referring to Table 1, for 42 deg, the value of @ is 0.531 


Using Equation 3, 
1 0.2437 0.531 
+ 17 0.05034 
Uw 12 300 
Uy 19.9 Btu per Btu of enthalpy difference per 


hr per sq ft of surface 


tStrictly speaking, the value of c, the humid specific heat of air, is 
creases with the dewpoint temperature. However, the specific heat of 
humid air changes very slowly with increasing dewpoint temperatures 
Notice in the psychrometric tables* that for dewpoint temperatures below 
60 deg, the specific heat of humid air is less than 0.246. Inasmuch as 
the dewpoint temperatures commonly encountered are less than about 60 
leg, the use of an average value of 0.243 is satisfactory for most pur 
poses, 


The fact that the value of Uw is so much greater than 
the value of Up is of no significance. The two values 
are not directly comparable because one is used with 
mean temperature difference, whereas the other is used 
with mean enthalpy (total heat) difference. 

The resistance of the wall of the metal tube to the 
flow of heat has been neglected in Equations 2 and 3. 
The conductivity of the wall is so high compared to the 
conductivities of the surface films, and the wall of the 


““New Tables of the Psychrometric Properties of Air-Vapor Mixtures 
Heatinc, Prpinc anp Air CONDITIONING, January, 1938, p. 1 
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tube is so thin, that its resistance to the flow of he 
negligibly small compared to the resistance of thi 


surface films 


Mean Enthalpy Difference for 
a Direct Expansion Coil 


‘4 


The value of dy, the mean enthalpy differenc 
found in exactly the same way as the mean temperatur 
namely, by means ot thx 


\ppendix 2 


difference for a dry surface 


following, commonly used equation (se 


; 
ds 


The only difference is that the enthalpy 


of the air is used instead of its dry bulb temper 


‘| he value of dy can be compute dl quict ly b meat 
Table 2, thus avoiding the use of Equation 4 n orde 
to compute dy, the values of d ind d must first le 


‘ 


found. Referring to Fig. 1, which has been draw: 


a direct expansion coil in which the temperature 
| ‘ 


boiling refrigerant is theoretically constant 


the coil, 


and 


In these equations, /, is the initial enthalpy of th 
entering the wet coil, /, is the enthalpy of the air leaving 


the wet coil, and /, is the enthalpy of saturated 


a temperature equal to the temperature of the ref: 
erant 

After finding d; and ds, the value of dy can b 
by means of Table 277 as illustrated in Example 2 
low 

+t? The values in Table an be used t 

fierence or mean enthalry lifference Disrewar 
letters are used at the head f each col t ! I 

ilar to Table 1 f the article mentioned in } ‘1 


Values of the enthalpy of saturated air for va 
temperatures can be found in the psychrometric tabl 
For convenience in solving the examples, values of th 
enthalpy of saturated air through the range needed 
this article are given in Table 4. The enthalpy of an 
is very nearly constant for any one wet bul 
ture.® Hence, throughout this article the enthaly 
air will be determined solely from its wet bu 
ture, and vice versa. 

Example 2: Air at a wet bulb temperature of 72 deg 


to a final wet bulb temperature of 58 deg he temperature 
the refrigerant is 42 deg. Find ds, the mean enthalpy differes 
Solution: From Table 4, for f 72 deg Bt 
tor ¢ 58 deg, A 25.09 Btu; for f; i2 deg, / lf 
stu 
Using Equation 5, dt 5.77 L610 162 Bt 
Using Equation 6, ds 25.09 16.15 8.904 Bt 
ds 5.04 
0.456 
1 19.62 
ds 
Referring to Table 2 for 0.456 069 
d; 
dy 0.693 * 19.62 13.60 Btu, mean enthal; 


If the value of ds d, is greater than 0.6, the arit 
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metical average of ds and d, will deviate by less than 2 
per cent from the mean temperature difference computed 
by means of Table 2. 

If the pressure were the same throughout a direct ex- 
pansion coil, the temperature of the boiling refrigerant 
would be constant throughout the coil. However, be- 
cause of the small pressure drop of the liquid while flow- 
ing through the tubes, the temperature of the boiling 
refrigerant usually varies slightly. For computing the 
mean enthalpy difference of a direct expansion coil, use 
the saturation temperature of the refrigerant correspond- 
ing to the average pressure inside the tubes of the coil. 
When finding this average pressure, the pressure drop 
in the liquid header or other liquid distributing device 
should be ignored ; only the change in pressure while the 
liquid is actually inside the tubes forming the coil should 
he considered. 

Any superheating of the refrigerant that takes place 
inside the coil should be ignored when computing the 
mean enthalpy difference. Even if some superheating 
does occur, only the average temperature inside the tubes 
of the coil should be used. In a counterflow coil (to be 
discussed later) the computation of the mean enthalpy 
difference is based on the temperatures of the water (or 
other refrigerant) entering and leaving the coil—not 
on the average temperature of the refrigerant. The 
reason for the difference in computation procedure for 
direct expansion coils and counterflow coils is this: As 
the water in a counterflow coil rises in temperature, it 
absorbs an equal amount of heat for each degree of tem- 
perature rise. Thus if water rises 10 deg in tempera- 
ture while flowing through a counterflow coil, it absorbs 
10 per cent of the total heat removed by the coil for 
each degree rise in temperature. On the other hand, if 
a refrigerant vaporizes inside a coil at substantially con- 
stant temperature and is then superheated 10 deg, only 
a very small percentage of the total heat removed by the 
coil will be absorbed by the superheated vapor. By far 
the major part of the heat transfer takes place while the 
refrigerant is boiling at constant temperature; the 
amount absorbed by the superheating of the vapor is 
negligibly small by comparison. Hence, inasmuch as 
the refrigerant absorbs practically all of the heat while 
its temperature is constant, only this constant tempera- 
ture should be used in computing either the mean tem- 
perature difference or the mean enthalpy difference. 
l‘urthermore, the derivation of Equations 1 and 4 is 
based on the heat transfer process just described, namely 
that : 

1. In the case of a vaporizing refrigerant, the temperature 
of the fluid remains constant during the heat transfer process. 

2. In the case of a refrigerant whose temperature changes 
(such as water or brine), equal amounts of heat are absorbed 
for each degree change in temperature. 


Area of Wetted Surface Required 
for a Direct Expansion Coil 


\fter finding the values of Uw and dy as described in 
the preceding sections, Equation 1 can be used to find 
the area of wetted surface needed to cool and dehumidify 
a given quantity of air. 

Example 3: Air at an initial wet bulb temperature of 72 deg 
is to be cooled to a final wet bulb temperature of 58 deg with 
a refrigerant at 42 deg. The total quantity of air to be cooled 
is 12,500 cfm. For the particular coil in question, f, = 12, 
fe = 300, and B = 17. Find the total area of wetted surface 
required to cool and dehumidify the air. 
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dy 


Solution: 


0 


Table 3—Factors for 


00 
Ol 


O4 


NNN 
~ 
= 


-atwo~ 





13.60 Btu. 


G = 12,500 X 4.5 


(60 X 0.07 
weight of 1 cu ft of standard air.) 


Hw = G(y — he) 


—= 56,250 (35.77 


hr. 


D™ Du 

Dt Ds 

2 3 
1 0000 1 000 
0 9950 1.010 
0 9901 1.010 
0 9850 1.017 
0 9803 1.020 
0.9756 1.026 
0.9708 1.030 
0 9661 1 036 
0 9611 1 O41 
0 9562 1 047 
0 9516 1 052 
0 9470 1 057 
0 94223 1 O62 
0 9377 1 068 
0 9332 1.074 
0 9287 1 O79 
0 9241 1 O84 
0.9196 1.090 
0 9152 1 096 
0 9107 1.101 
0 9063 1.107 
0 9020 1.113 
0 8976 1.119 
0 8934 1 124 
0 SSOl1 1.130 
0 SS48 1.136 
0 8805 1 142 
0 S764 1.148 
0 8721 1.154 
0 S680 1.160 
0 8639 1.166 
0 8599 1.172 
0 8558 1.178 
0 8517 1.185 
0 8477 1.191 

| 

0 8437 1.197 
0 8399 1 204 
0 8359 1 210 
0 832! 1.217 
0 S280 1 .223 
0 8242 1 230 
0 8204 1 236 
0 8166 1 243 
0 S129 1 250 
0 8091 1 256 
0 8052 1 263 
0.8016 1.270 
0 7986 1.277 
0.7941 1 .283 
0 7906 1 201 
0 7869 1 297 
0.7831 1 304 
0 7797 1 311 
0 7762 1 319 
0 7728 1 326 
0 7691 1 333 
0 7658 1.341 
0 7621 1 347 
0.7587 1 355 
0 7554 1 363 
0.7521 1.370 
0.7483 | 1.377 
| 0 7453 1 385 
0 7421 1.304 
0.7388 1.401 
0 7356 1.409 
0.7320 | 1.416 
0.7286 | 1.424 
0.7258 1 433 
0.7225 1 441 
0.7194 1 449 
0.7161 1 456 
0.7129 1 465 
0 7097 1 473 
0.7064 1 481 


Heatine, Prine 


5 | 0.5599 


5 | 0.5169 


From Example 1, U’« 


19.9. 


56,250 


4.5, 


25.09 ) 


Differences 


Ds 
Di 
' 


1 0000 0 
0 9901 0 
0 9802 | 0 
0 9704 0 
0 9608 0 


0.9512 | 0 
0 94rs8 | O 
0 9324 | O 
0 9231 | 0 
0 9139 |} O 


0 9048 | 0 
0.8958 | 0 
0 8869 | O 
0 8781 | 0 
0 8694 ) 0 


0 S607 0 
0 S521 0 


0 8437 0 ¢ 


0 S353 0 
0 8270 0 


0 S187 0 
0 8106 0 


0 8025 ) 0 
0.7945 ) 0 ¢ 


0.7866 ) 0 


0 7788 1 
0 7711 1 
0 7634 l 
0 7558 1 
0 7483 1 


0.7408 
0 7334 
0 7261 
0 7189 
0.7118 


0 7047 
0 6977 
0 6907 
0 6839 
0 6771 


0 6703 
0 6637 | 
0 6570 | 
0 6505 | 
0 6440 


0 6376 | 
| 0.6313 i 
| 0.6250 
6188 | 
| 0.6126 


— ee ee ee 


0 6065 
0 6006 
| 0.5045 
0 5886 
| 0 5827 


=e 
— et et et et 


0 5770 
| 0 5712 
0 5656 


0 5543 


0 5488 
0.5435 
0 5379 
| 0.5325 

0 5273 


bo bo bo te bo 


| 0.5219 
| O.5118 
0 5066 
0.5015 


bo te bo bo bo 





0 4966 
0.4916 
| 0 4868 
0 4819 | 
0.4771 | 
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40 


46 
is 
50 
55 
60 
65 


70 


SO | 


So 
90 


@5 


00 


40 


50 
60 
70 
SU 
90 


00 
20 
40 
60 
80 


te 


7034 
7006 
6O74 
6943 
6913 


6SS3 
HS54 
6827 
67094 
6763 


6737 
6709 
6679 
6HO4S 
6621 


6593 
H6565 
H538 
6511 
H4s4 


456 
H430 
mot 
6372 


6347 


6321 
H200 
6217 
6166 
6115 


6065 
HO16 


5967 





From Example 


where 0.075 


600,800 


=) 
x' 


on 
- 


ol 
651 
Hoo 


669 
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Hy 


{ wd 


600,800 
= 2220 sq ft of wetted external 


19.9 * 13.60 surface. 


Final Wet Bulb Temperature of Air Leaving 
Wetted Surface of a Direct Expansion Coil 


Equation | can also be used to find the final wet bulb 


temperature of the air leaving a coil of a given area 


ror this purpose, the value of the factor / defined by 


the following equation must first be found: 


For finding the final wet bulb temperature of air leav- 
no dtrect ex pansion coils, 


im 


lwl w 


\fter finding the value of MW for a given coil, the valu 


of ds/d, can be found by referring to either Table 2 or 


3*. From this the final enthalpy and, therefore, the 
final wet bulb temperature of the air can be determined. 


*When the valuc {f M is known, Table 3 is easier t use Tables 2 
nd are identical, except for he fact that rs ti ws the independent 
variable in Table 2, whereas it lable 3, M is the independent 

Example 4: Take the conditions of Example 3 except that 


the final wet bulb temperature of the air is unknown and is to 
be found for a coil of 1600 sq ft of wetted external area. Find 
the final wet bulb temperature of the air leaving the coil and 


the total heat that can be removed from the air by the coil 
1600 & 19.9 
Solution Using Equation 7, M 0.566 
56,250 
Referring to Table 3, for V/ 0.566, du/d: 0.7626 
From Example 2, d: 19.62 Btu 
I 
Therefore, dy 0.7636 19.62 14.98 Btu 
from Example 1, Uy 19.9 Btu 
Fig. 2—The condition f 
eurve on the psychro- 
metric chart shows the N 
: i e 
change in the condition 
of the air as it flows 
over a cold, wet surface é 
y / 
g) 
x/ 
j 
/ 
j 
j 
jf 
/ 
/ . 
j . 
j 
/ wiTiad : 
comorrion > 
° 
. 
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The total heat removed bv the 
mquation |, 
Hy 1600 * 19.9 14.08 
177,000 Btu per hi 
From Example 3, G 56,250 Ib per hr of 
per lb of air flowing through the coil is 
Hy 177.000 
8 48 er 
& 56,250 
rom | xample 2, / i.77 Btu 
Cherefore, h 5.77 8.48 T2090 Rt 
Referring to Table 4, for 4 » Bt 
wet bulb temperature ot the ir leavi t 


Final Dry Bulb Temperature of Air 
Leaving a Direct Expansion Coil 


For any given area of wetted surface and ar 
air velocity,** the final wet bulb d 
always a definite fraction of the u 
sion This ts evident from | quation &, W ‘ 
in Appendix 5 
, 
Vl 
] 
\lso from [8] and | 11 
\s shown in Example 5, the value of J), can be 
puted by means of Table 3, without the neces 
Equation & The value of 2)),/1), can be 
ume 4+ (De/D of Table 3 after first cor put 


WV by 


be computed 


value of means of Equation 11. | 


Then Equation 10 can be us 


the final dry bulb temperature of the air leaving the 
Example 5: Take the conditions of Exa 
dry bulb temperature ol the air entering the “) 
the initial wet bulb is 72 deg. Find é " 
ture of the ur leavin the 
‘ f | I xampl ; { 
HN) ja ls des 
1H) 
Using Equati l | 
Ho 1.94 
Referring to Tablk | 1.40 0.2464 
D 0.2466 18 14 deg 
Therefore, using Equation 10, 
t 61.3 + 4.4 65.7 deg 
If all of the conditions of Example 4 had beet 


constant except that the area of the coil was va 


increasing the rows of tubes composing the coil 


+} 


fnal dry and wet bulb temperatures of the air leavi 


these various rows could be found by the methods 
Then iI the final con 


] 


nuni¢ 


trated in Examples 4 and 5 


of the air leaving these coils of different 


rows ot tubes were plotted on a psvi | rometric cha 


of these points would fall on a curve of the forn 
trated in Fig. 2. This curve is called the “cond 
curve” because it shows the condition of the au 


point in its passage over a cold wetted surfac 
tl point 


number of rows of tubes is increased, the | 


| ¢ ontinued on page 707) 
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SERVICING 





OST instructions for operation of “Freon” 
refrigeration systems note that a condenser 
pressure above the normal expected, or above 
the amount which has been usual, may be caused by air 
To find out whether or not this is the 
cause, the condenser is purged a little to see if an 


in the system. 


improvement results, or, possibly, an attempt is made to 
see whether or not the gas discharged from the con 


Ain CONDITIONING JOBS 


it possible to condense more “Freon” out of the mixti 
before purging. If the small condenser were arran, 
to have chilled water instead of well water circula 
through it, more “Freon” could be removed from 
nuxture before purging to atmosphere. The liquid c 
then be allowed to go back to the main condense: 
having the bottoms and tops of both condensers « 
nected and raising the smaller one above the large: 
that the “Freon” we 





denser is “Freon.” Since 
even if air is_ present 
“Freon” will be mixed 


with it, this is somewhat High Pressure 
difficult. In any case there 

is a possibility of wasting 
“Freon” when air is not 
the reason for the high 
pressure. 

Before doing anything 
about unusually high con 
denser pressure, the cause 
should be determined. 


By Melvin A. Ramsey* 


The author has given thought to a better way of elim- 
inating air from refrigeration condensers without wast- 
ing more refrigerant than absolutely necessary. 
has used the method described here with satisfac- 
tory results and offers it as of interest to other readers 


return by gravity. 
The pressure in 


small condenser can 


. 
in Condensers : 
increased by using a sn 
standard “Freon” ¢ 
densing unit (possibl) 
hp) for a very large s 
tem and a small circulat 
He with connections to 
chilled water system. Si: 
air need not be eliminat 


often such a unit wou 





This can be done with- 
out opening the condenser 
in most cases. 

With the compressor stopped, let the condenser water 
continue to flow. This may mean opening very wide 
or bypassing the automatic water valve, if one is used. 
\n accurate gage should indicate the condenser pressure 
It is well to shut the inlet and outlet refrigerant valves. 
\fter the water has flowed for some little time, its tem 
perature and the pressure in the condenser will both be 
about steady. Determine the saturation pressure of the 
refrigerant corresponding to the condensing water tem 
perature (the leaving and entering water temperature at 
this time will, of course, be equal). 

If the actual pressure in the condenser is much above 
this saturation pressure, some-other gas beside “Freon” 
must be present. In case this is true, the condenser must 
be purged. A valve should be opened at the very top 
of the condenser, and the gas discharged slowly (in com 
parison with the total volume) until the pressure is about 
2 or 3 lb above the pressure which should exist or, if 
a level gage is provided, until the level moves, indicating 
the start of boiling. The rate of discharge for a large 
condenser can be more rapid than that for a smaller one. 
The rate is of importance, because the “Freon” probably 
tends to separate and lie below the air, and too rapid 
venting may result in a loss of more “Freon.” 

There is a question of how much stratification takes 
place because of the very dense “Freon.” It would be 
interesting to see the results of any tests which may have 
been made of the percentage of “Freon” in the mixture 
which is eliminated in purging. 

A small condenser to which the mixture could be 
pumped from the larger one instead of purging directly 
to atmosphere would make it possible to increase the 
total pressure and also that on the “Freon,” thus making 


*Air Conditioning Engineer, Arnott & Co., Ltd., Buenos Aires 


probably not be pern 
nently installed but cou 
be a part of the equipment of the service engineer 
(On direct expansion jobs where no chilled water 
available, the liquid refrigerant supplied by the sm: 
compressor could be expanded directly into the coil 
the small condenser. In this way, the “Freon” and 
mixture would be chilled to a very low point in 
secondary condenser, thus condensing out the “Freo 
from the mixture. This method can also be used 
chilled water systems because it eliminates the need 
circulating chilled water through the small seconda: 


condenser. ) ’ 


Allow the condenser water to flow for several minut 
until pressure and temperature are each stable. At t! 
end of this time, if the pressure in the condenser is n 
appreciably above the saturation pressure corresponding 
to the water temperature, it is evident that air is not th 
trouble. A check should then be made for .adequat 
water circulation. Often this is difficult to measure, but 
it can usually be approximated from inlet and outlet 
condenser water temperatures and data on the con 
pressor capacity under the conditions prevailing. 

If no air is present and sufficient water is circulating 
the condenser is too small or its capacity is limited b 
dirty or clogged tubes. If the system has been in satis 
factory operation and is just beginning to give troubl 
it must of course be adequate—assuming the load o1 
it has not been increased in some way. If after the abo. 
checks the capacity is also known to be sufficient, t! 
condenser should be examined as to need of cleaning 

The use of the method outlined avoids waste 
“Freon” when purging is unnecessary. If purging 
necessary, it is possible to know about when it is cot 
pleted. The method has been used with very satisfactor 
results, and seems unusually simple to follow. 
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NTIL recent years customary piping construction 
—at least for the higher pressure piping—has been 
by threading, van stoning or some similar mechani 


fastening ; seldom in the past was an inspection mad 


{ 


an independent agency of pipe lines constructed by 
ch means. However, within the past few years the 
welding of pipe lines has grown very rapidly and with it 

ere has come a demand on the part of purchasers for 
inspections during c¢ ynstruction, 

Without doubt, pipe lines constructed with the various 

pes of mechanical joints were in many cases not perfect, 
hut because of the nature of the joint some degree of im 
perfection was permissible. If defects were present, the 
most probable result would be leakage at a joint, which 
would make repairs mandatory before a violent failure 
took place. Fusion welded joints in pipe lines, however, 
are dependent to a far greater degree than are mechani 
method of making 
Whereas in a 
mechanical pipe joint, leakage gives warning of an im 


cal joints upon the them, and 


upon the individuals who do the work. 
pending failure, in a fusion welded joint a complet 
failure may occur almost immediately following the de 
velopment of a leak. 

Mechanical joints for the fabrication of pipe lines are 
open to some objections when used for high pressure 
and high temperature service which do not apply to fu 
sion welded construction provided the job has been prop 
erly designed for fusion welding and the welding itself 
has been properly done. It is because fusion welding 
has been applied for severe service in pipe lines wher: 
a failure might mean the loss of many thousands of dol 
lars, and because the adequacy of a welded joint to 
withstand the severe service depends to a very high de 
gree on the procedure of welding used and the c mmipe 
tency of the men who do the work, that inspections be 
gan in the field of high pressure power piping. The idea 
has been extended to the lower pressure field, and in 
some cases even to the heating field. Most inspections 
have been confined to the quality of the welding, but 
other items are also covered. 


Important Items in Inspections 


The Code for Pressure Piping is being referred to 
more and more in writing specifications for pressure 
piping. This code has sections relating to power pip- 
ing, to gas and air piping, to oil piping, and to piping 
lor district heating. The code, however, does not at this 
time have any specific requirements for inspections dur- 
ing construction such as are found in the A.S.M.E. power 
boiler and unfired pressure vessel codes, and what should 
be done in the way of inspecting under the piping code 
is, therefore, largely a matter of choice. However. it has 
seemed that there are some items which are of impor 
tance, such as the quality of the material used and its 
adaptability to the service intended, and the proportions 
ot the flanges and the bolts where used. 


The adequacy 
Of ; 


the welding, both from the standpoint of the method 
used and the competency of the welding operators, is 
undoubtedly a most important point to be covered. 
Che piping code calls for a hydrostatic test of the com 


} Assistant Chief Engineer, Boiler Div., The Hartford Steam Boiler 


nspection and Insurance Co 
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Inspection of 


Welded Piping 


By William D. Halsey 


With the increased use of welding in the construction 
of piping has come the demand for inspection during 
construction, for fusion welded joints are dependent 
to a far greater degree than are mechanical joints 
upon the method of making them and upon the indi- 
viduals who do the work. ... The author discusses 
the function of the inspecting agency, the importance 
of setting forth a written procedure for welding, and 
the guided bend test given in the standard qualifica- 
tion procedure of the American Welding Society 





| ’ 


pleted line or its component parts and it is considered « 


sential that an inspection be made at that tink 


It must be borne in mind that when a purchaser spe 


cifies inspections by an independent agency of a tusior 
welded pipe line during construction, the Inspecting 
agency is acting as an agent for the purchaser W hil 
such inspections have been called for on fusion we ded 
construc 


welded 


tion. at the same time it is considered that good work 


pipe lines primarily because of the 


manship will be expected and that the letter and the 
ms will be ad 


If anv change is to be made it should be 


spirit of the piping code or the specifcaty 
hered to 
with the consent of the purchaser 
It is agreed by those who have had experience in the 
application of welding for severe service that a rather 
carefully developed technique or procedure for welding 
must be used. While the employment of a competent 
welding operator is necessary and while there are mai 
intelligent operators who can and do give great assist 
ance in developing proper procedures for welding, it cat 
not be considered that mere years of experience on the 
part of a welding operator is a safe criterion to use for 
his ability or for his competency to advise as to proper 
\s a matter « 


frequently illustrate that the welding operator who has 


methods of welding f fact, welding tests 


had the most years of experience may be the one who 
does the poorest work. This is not always a reflection 
on the welding operator, because there have been in 
stances where workmen have merely been furnished 
equipment with no instruction as to how to use it. Sucl 
workmen have frequently fallen into improper ways of 
doing welding and have never realized the errors of those 


ways nor had them called to their attention 


i053 








Development of Welding Procedure 


he development of a proper procedure for welding 
requires that consideration be given to the preparation 
of the ends of the pipe, and the spacing to be provided. 
\n investigation of the most satisfactory welding rod or 


electrode should be made. Such an investigation does 


Upper left—The guided bend tester is a rather simple device using a hydraulic jack. 
right—Close-up view of specimen in guided bend tester at start of test. . 
. . Lower right 


tion of test of an acceptable specimen. . 
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not necessarily mean exhaustive testing but does m« 
consulting with welding engineers who are in a posit 
to render an opinion. The size of the electrode and 
“heat,” or the amperage during welding, must be g 
consideration. In oxy-acetylene welding, careful thou 
must be given to whether the welding should be 


by the backhand or forehand technique. In many ca 


... Upper 

. . Lower le{ft—Comple- : 

A specimen which failed to pass the test & 
: 
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ening of each successive bead of welding is considered 
jsable if not absolutely necessary, Many feel that 
p cheating of even ordinary low carbon steel pipe is a 
hichly advisable thing to do and in fact such preheating 
Con- 


p 


a 


comes mandatory for some kinds of material. 
ideration must also be given to the necessity or desir 
ability of stress relieving and how it should be accom- 
plished. 

\ll such essential points, some of which are enu 
merated above, may be set forth in a written procedure 
for welding and the piping contractor or fabricator 
should train his welding operators to follow that method 
of welding in all its essential details. It must be borne 
in mind that the contractor or fabricator, and not the in 
dividual welding operator, is responsible for the com 
pleted work and the purchaser will look to the fabrica- 
tor or contractor for correction of any trouble that de 
velops rather than to the welding operator who may 
have been employed. For this reason it is essential that 
the fabricator or contractor understand fully why all the 
items in the welding procedure must be adhered to, and 
he must see that he has the work of welding under con- 
trol and that it is properly supervised. 

Qualifying the Welding Operator 

\s stated above, competent welding operators are 
necessary. By the term “qualified welder” is meant an 
operator who has demonstrated his ability to make a 
weld meeting certain requirements under a certain given 
procedure and conditions. At one time, and rather un 
fortunately for the welding industry, there was no recog 
nized method of testing welding operators. A num- 
ber of years ago the thought was expressed that the 
ability of every welding operator should be examined 
and the earlier recognized testing procedure called for 
tests for tensile strength, ductility, and soundness. 

A later idea expressed the thought that the tensile 
strength and ductility of weld metal depended upon 
the materials placed in the hands of the welding opera 
tor and that his competency could be judged merely by 
tests for soundness of the welds or his ability to fuse the 
weld metal to the side walls of the welding groove. This 
thought resulted in a series of tests for soundness which 
involved breaking open the specimen welded joint. The 
difficulty presented by this method was that of evaluating 
the broken specimen. What one examiner might feel 
was a satisfactory degree of soundness, another exam- 
iner might feel was unsatisfactory. In other words there 
was no accepted yardstick which could be applied to this 
method of examining a welding operator’s ability. 


The Guided Bend Test 


Early this year the American Welding Society pub 
lished its standard qualification procedure giving a new 
method of testing a welding operator. This niethod, 
using the “guided bend test,” is rather simple to apply 
and involves no question of judgment on the part of 
the examiner inasmuch as it is a “go-or-not-go” test. 

In using this method of testing, the welding operator 
makes a weld between two pieces of pipe with a wall 
thickness of 34 in. and with a diameter of not less than 
© m. Larger diameter pipe may be used, the essential 


Heatinc, Pirinc aNnp Am Conprrioninc, Novemser, 1938 














Ke ied 
| _ a —— — r 
| A> i 
p 1 | 
| . ~ 
4 “ 4 
- we ~ 
N\ 
Ae : ™ it 
ae eT i i 
wpe ' 
Gol 
} 
é 
at i _ i | 
. j 
= 
j 





U-block and plunger for guided bend tester 


requirement being that the wall thickness b 
or two specimens or test welds are made, either 
vertical or horizontal fixed position or both 
of pipe for this test may be relatively short, say 
5 in. each, and should be prepared on one end for weld 
ing according to the specification that has been develop. 
\\ he nha Wwe ld 


ing operator has completed the welding of these joint 


for the welding procedure to be followed 


four specimens or strips 1% in. wide are cut from eac! 


In the case of the joint welded in the horizontal fixed 
position, specimens are taken from the top, bottom, a1 
the two sides. In the specimen welded in the vertical 
fixed position, the four specimens are taken at 90 deg 
from each other. 


] 


The outside reinforcement of the weld on tl 


CSC sin 
mens is removed, by machining or grinding, flush wit! 
the surface of the pipe. The specimens are then placed 
in a “guided bend tester,” a rather simple device using 
a hydraulic jack which may be constructed at small cost 
such as the one illustrated here This tester has tn 
a U-block and plunger machined to the contour as 


shown. For specimens 3¢ in. thick, a five ton hydraulic 


jack is adequate. The specimen is forced into the | 
block until it takes the contour of that form 
the specimens are tested with the root and some wit! 


Some of 


the face of the weld in tension. To be acceptable, the 
specimen must withstand this bending without develoy 
ing a crack more than \% in. long. 

In general, such a test in 34 in. material qualifies the 
welding operator up to and including a maximum thick 
ness of 34 in. For material in excess of in. thickness 
the operator makes an additional test weld or welds in 
the maximum thickness for which he is to be qualified 
except that the maximum thickness of the test weld 
need not exceed 1% in. The specimens cut from these 
heavier wall test welds are made 34 in. wide rather than 
1% in. and root 

It will be recognized that this method of testing is 
one for which testing equipment can be readily provided 
and such equipment easily can be transported. Thi 


method of testing is conclusive and avoids questions of 


and bent sidewise rather than by fac« 


[Concluded on page 707] 








Reader Asks for Advice on 





Piping Connections for Unit Heaters 
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Answered by Samuel R. Lewis* 


® of the 2 in. steam supply main, and the t 
@ 5 connecting directly to the return ma 
There seems to be no excuse for 
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SKETCH 8B 


i 
! 

more elaborate scheme A for venting a 
1 draining. If 9 is a float trap there is : 
z evidence of any means by which the ori; 
inal air within the system can escape, 
by which the continually accumulating a 
can be removed. Sketch B is an improy 
@ ment over A, but apparently the air escay» 
valve zz will be sealed by steam runni: 
along the top of the main before it can 1 
lieve the air from the drop leg 6. 

Since there is no boiler in the syste: 
there is no particular need of a water seal 
in this drop leg and so the air escape valv: 
could be in the return main and should 
be there so as to serve for air escape fro 
the traps 3, 3, 3, on the unit heaters. 

If the arrangement of sketch B is ap 
plied to the piping of sketch A and if t! 
air valve rz is placed at the lower end o/ 
the dry return main 7 the plant should 


operate perfectly since the thermostati 





traps ? and 5 will pass air as well as wate: 





READER of H. P. & A. C. submits a sketch of 
a heating system supplied with steam from a cen- 
tral public service plant. He states that steam 

enters at a very uniform pressure of 1 Ib and that the 

condensate is wasted to the sewer. 

Sketch A indicates in a general way the manner in 
which he proposed to install the system, using three unit 
heaters, each having an electric fan. He submits an 
alternate sketch B, and asks which arrangement at the 
end of the supply main will give the better results. 

Analyzing sketch A, steam enters at 7 and the 2 in. 
supply main rises 13 ft to an elevation near the ceiling, 
then grades downward to the right, terminating at 5 
after serving three small unit heaters 2. There is a sepa- 
rate thermostatic return trap at the outlet of each heater. 
These are marked 3 on the diagram. The 2 in. main 
drops to a sediment pocket at 6, with a pipe riser as a 
cooling leg and a thermostatic trap at 5. This trap con- 
nects into a drop leg from another thermostatic trap at 
4 taken off the top of the horizontal supply main, pre- 
sumably to remove air from the latter. The return main 
7, 1 in. in diameter, grades back to drop 10 ft and then 
there are a strainer &, a float trap 9, and a meter 10, after 
passing which the hot condensate enters the sewer. 

The alternative sketch B has the air vent trap 4 of 
sketch A replaced by an atmospheric air vent 17 on top 
Canning Engineer. Member of Board of Consulting and Contributing 
Alaors 
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There is no need of the exaggerated 2 i: 
drop leg at 6 and the connection to trap 5, sketch / 
could just as well be close to the horizontal main, wit! 
the bottom of the sediment pocket not more than 18 i 
below the bottom of the 2 in. main. 

The provision of the strainer 8 is desirable if trap 
must be used, or possibly to protect the meter, but I ca 
see no need whatever for trap 9 since all connections t 
return main 7 are made through thermostatic traps 


z and 5. 
Utilize Heat in the Condensate 


The condensate from 450 sq ft of equivalent dir 
radiation, which is the heating capacity, in cold weather 
will be about 112 Ib per hr of water, probably at about 
200 F. If this could be cooled to say, 100 F before being 
released the heat to be saved would be 112 « 100 
11,200 Btu, equivalent to about 46 sq ft EDR. Takin, 
into consideration the condensate from the piping, on 
may safely say 50 sq ft EDR could be supplied by th: 
otherwise wasted condensate. It is an easy matter 
install a radiator—or better, an additional unit heater 
—on the inlet side of the meter, as suggested in sketch ( 

In sketch C the return rises into the bottom of tl 
heater, and the water flows upward slowly to overflow 
out of the top; then the pipe drops and the strainer a1 
the meter are installed. If the air delivered to the eco: 


Heatine, Prernc anp Arr Conpitioninc, Novemser, 1° °* 


“here oF 


Fhe agli eee 


.y a oe 








ying unit heater 12 is at 70 F it will be easy to cool 


ol - 

the condensate to somewhere around 80 F. Water will 
stand in the drop leg 13 to a height level with the outlet 
pit from the unit heater 72. A thermometer at the inlet 
to the strainer & will permit some observation of the 


teniperature of the departing water. 

f steam costs $1.50 per 1000 Ib, and if there is a 
load factor of 3344 per cent, with 240 heating days of 
12 hours each, the annual steam consumption of a 50 sq 
f EDR heater will be roughly 12,000 Ib and the annual 
saving to be anticipated by the economizer will be $18. 

In many central heating systems the water, still at a 
temmerature of perhaps 100 deg, is used via a copper 
trarfsfer coil to heat the domestic water, or is stored in 
an insulated tank and is used directly for domestic 
purposes such as hand washing. 





Performance of Coils— 
[Continued from page 701] 


Table 4—Enthalpy (Total Heat) senting the final condition 


>. | i - . . 
of Saturated Air ‘Buu per Lb of the air will move down 
of Dry Air) oe 
along the condition curve 


4 . is , toward the = saturation 
25 | 9.033 | 55 »3 19 curve. 
26 9.405 a6 23.51 As stated above the 
27 0.779 , 4.44 on 
28 10.16 ”s 25 .09 condition curve can be ob- 
20 10.55 | 0 15.75 * “ 
tained by plotting the 

0 10.94 60 26 42 P - 
31 1134 | 61 27.11 points computed by means 
32 11.74 | 62 27 82 gags : 
33 12.15 | 63 28 53 ot Equations l and 8. 
34 12.57 64 29 .26 . . 

, However, there is still an 
35 12.99 | 65 1.02 J P . 
ro 13.42 | 66 0 78 other method of plotting 
37 q ) 7 ; 7 . a¢e . _— 
a ae | és a the condition curve that 
=» a. | @ ade is entirely independent of 
40 15.21 70 34.03 — ‘ . ats se Thic 
+ +e 34 89 these two equations. Phi 
42 16.15 72 35.77 second method is_ dis- 
43 16 .¢ 73 36 .67 bas ‘ 
44 17.12 74 37 .59 cussed later. The condi 
45 17.63 | 75 38 53 tion curves plotted by 
46 18.14 \ 76 39 50 ° an P 
47 18.66 | 77 40 49 these two different meth 
4s 19.18 | 78 41 50 
49 19.72 | 79 42 54 ods agree very closely for 
0 20 28 | 80 43 60 the usual range of condi 
1 20 84 81 44.70 ~ - - 
2 21.41 | 82 45 82 tions ordinarily encoun- 
" ? ) ; - . . 
ee oo y3)6~Ctéteeredd.=«= For =any = given 


—— final wet bulb tempera- 
*Reprinted from “New Tables of ture, the final dry bulb 
the Psychrometric Properties of Air- P . 
Vapor Mixtures,” Heatinc, Pipinc computed by means of! 
1988, py, oNDETioNtNG, January, Pouation 8 may some 
times be a fraction of a 
degree higher than the dry bulb read from the condi 
tion curve plotted by the second method to be described 
later. However, if the initial wet bulb temperature is 
very high, say about 80 deg, and the dry bulb is very low 
that is, the air is almost saturated—the difference ap- 
pears to be approximately 2 deg. Inasmuch as this latter 
condition is rarely encountered in actual work, this devi- 
ation is not important. For the usual range of operat- 
ing conditions, the curves obtained by the two inde- 
pendent methods agree very closely, and frequently they 
coincide, 
In order to understand the drawing of the condition 
curve by means of the second method mentioned above, 
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the meaning of surface temperature an 
puted must first be understood This will be expl 
next month 

To be continued 





Zs a8 
Inspection of Piping— 

{Concluded from page 705] 
judgment. While it has as yet not been adopted 
A.S.M.E. unfired pressure vessel code or by the pres 


piping code, it appears to be receiving very tavorfra rhe 


ognition and the author feels there is but little doubt 

it will be ad ypted by those bodies It is the et] 

has been used for some time by the United States Na 
Department and it is believed that it will becom: 
universal method for the testing of welding ope 


Procedure Must Be Followed 


While an adequate procedure of welding is necessat 


and competent welding operators cannot be disper 
with, it must be clearly recognized that nothing has bee: 
gained by investigating a procedure for weld 

that procedure 1S followed im the actual constru | 


therefore, seems necessary that in making inspect 

fusion welded pipe lines, the inspecting agency must 
isfy itself that the procedure for welding is idequat 
| 


, 
moved are competent 


that the welding operators emp 
The inspecting agency must also be satisfied 
procedure for welding is being followed during act 
construction and that only competent welding operat 
are being used. For a complete inspection, there ( 
the inspecting agency must witness the qualification 
the procedure and the tests of the individual welding 
erators. It must also make sufficient inspections dur 
actual construction to ascertain to a reasonable degr 
of certainty that all requirements essential to th 
operation of the line have been met This lattes 
quirement means that an inspector must be present dur- 
ing a considerable portion of the time when th 
of welding is being carried out 





Storage System Ideal for Churches 


The idea of churches being air conditioned 


thermos bottle’ was discussed in Boston last mont! 


the meeting of the Power Engineers Association. Wal 
ter A. Grant, district chief engineer for Carrier Cor 
described this method as being ideally adapted becaus 


] 7 ‘ 1 


of the short periods during which churches a 
pat appears self-evident,” he said. “that an application 
such as air conditioning a church for only a few servic: 
a week will permit the use of a very small refrigeratior 
plant storing up cooling effect 24 hours per day for 
six week days, and releasing all of this stored cold for 
the relatively few hours of actual use.” Water is grad 
ually cooled and stored in a large insulated tank. and 


1s released to the air conditioning svstem when need 








Air Conditioning Overcomes 
Summer Slump in Bowling 


IR conditioning of bowling alleys has “beyond 
doubt done more than anything else to eliminate 
the summer slump that every bowling operator 
Butts, manager of the Ritz 
The Ritz alleys 


dreads,” according to C. J. 
jowling Palace, Salt Lake City, Utah. 
have found that many persons who had never bowled 
during the regular season were attracted by their cool 
and inviting atmosphere during the hot summer months 


and became ardent fans. Mr. Butts believes the air con- 





By A. A. Maycock* 





Air conditioning eliminates the summer slump that 

every bowling operator dreads, according to C. J. 

Butts, manager of the Ritz Bowling Palace, where a 

deep well water system is employed. ... The cool and 

inviting atmosphere in summer attracts many persons 

who have never bowled before, converts them into 
ardent fans 





ditioning of amusement parlors not only adds to the 
prestige and identity of the establishment, but is a con- 
tinuous source of good-will advertising. 

The Ritz establishment is cooled by a system utiliz- 
ing deep well water. The building is 180 ft long by 108 
ft wide. The front section is divided into a restaurant, 
which serves also as a thoroughfare to the alleys, a beer 
parlor, which also serves as a thoroughfare to the alleys, 
and a store. The rear section of the building, which is 
140 ft long, includes the bowling alleys, of which there 
are 18, as well as dining space contiguous to the restau- 
rant and kitchen, locker rooms for men and women, 
with adjacent toilets, and a balcony providing additional 
seating space. Seating space for spectators is also pro- 
vided on the main floor immediately to the end of the 
alleys. In the bowling alley section, the ceilings were 
left open up to the beams, giving a varied ceiling height 
of 15 ft to 32 ft in the center. The ceilings were in- 
sulated. 

In the beer parlor, restaurant and store, the ceilings 
were furred to 14 ft 6 in. 


Deep Well Water or Mechanical Refrigeration? 


In the initial Studies of the proper method to be em- 
ployed in the conditioning and cooling in the summer, 
consideration was given to the use of either deep well 
water or mechanical refrigeration. It was determined 
that approximately 100 gpm of well water would be 
required on the basis of 57 deg in order to cool the 
building from 100 deg to 80 deg. A well was driven 
and preliminary tests indicated that 100 gpm of water 
at 52 deg would be obtained ; this was regarded as favor- 
able for present as well as for future performance. 

It is known that the underground water reservoir at 
Salt Lake City is regulated largely by a long period of 


*A. A. Maycock Co 
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drouth or of a sustained period over several year: 
heavy rainfall. For several years we have been ex; 
encing drouth. It appears that the cycle has turned 
that we now are entering a period of heavy precipitat 
under which condition the underground reservoir shi 
build up. 

The hourly operation cost for the pump for the «i 
livery of water was estimated at 9c. Were compara) 
effects received with mechanical refrigeration, the cost 
would be 69c per hour (44c for electricity and 25c 
water for the cooling coils.) It was also estimated t! 
the capital investment necessary for the installation 
the heating and cooling, using well water, including th 
cost of the well and the pump, would be about $13,000 
Were mechanical refrigeration used, the extra capital ir 
vestment required would be about $7,000 over deep well 
water, with comparable results. 


Areas Are Sectionalized 


The cooling load for the bowling alleys, restaurant 
and beer parlor was calculated on the basis of the ev: 
ning load. During the early evening, the temperatur 
would be as high as during the daytime, but no sun effect 
would be experienced. As a result, the maximum load 
of occupancy as far as people, lighting, cooking, et 
were concerned was calculated and the cooling for thos 
sections designed accordingly. The store presented 
different problem. Its peak load would occur in 
afternoon when there would be the west sun effect a 
in addition the maximum wuccupancy, and the load was 
calculated accordingly for this section. 

It was desired to sectionalize the cooling system 
far as required, but not to sectionalize more than abs: 
lutely necessary in order to keep down the cost of in 
stallation. In the State of Utah, beer parlors cann 
operate the full number of hours that a bowling alle) 
As a result, it was desired to sec 


Ay 2%. 


and restaurant can. 
tionalize the beer parlor so this particular part of th 
building could be closed when it could not be legal! 
open. Inasmuch as the restaurant would operate whe: 
ever the bowling alleys were in operation and also du 
to the fact that it serves as the main thoroughfare 
the bowling alleys, the cooling and heating for the restau 
rant and dining room were made part of the bowln 
alley section. 

Because the load requirements as well as the hours 
operation would be considerably different for the stor 
than either of the other two sections, this was mack 
different section also. Further consideration was given | 
sectionalizing this part as this section might be operat 
by the owner or might be leased. If leased, it would | 
itself toward the payment of operation expense, such as 
electricity for fan operation to a charge-back to the stor 
operator. 

It was considered desirable to operate under recircu 
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The Ritz Bowling Palace is cooled by a system using deep well water. 
of the air treating equipment. The galvanized sheet metal 


tion at all times on the three sections inasmuch as oc 
cupancy in relationship to volume is very low. The 
dissipation of body odors. ezc.. Ct uld be easily absorbed 
in a building having the cubage given not only by overt 
all dimension but also by ceiling height. Easier opera 
tion was thus achieved, as well as lower cost operation 
and less expense involved in control. Inasmuch as only 
about one-third of the floor area in the bowling alley 
section 1s occupied, the circulation was isolated as far 
as possible to these particular points. The air supply 
is overhead in all instances. In the bowling alleys, the 
air projects over the seats in the balcony section, with 
the recirculation through floor registers beneath the 
seating section in the spectator’s area. In the restaurant 
the air is projected overhead, with returns in the riser 
of the footstool surrounding the counter. Air is also 
recirculated at the floor in the dining room section. 

In both the beer parlor and the store, the air is pro 
lected in the front over the windows and recirculated 

the back near the floor level. The kitchen for th 
restaurant is exhausted with a propeller fan. 

The heating is handled with blast heaters, single coil 
cep, having adequate capacity to handle the heating 
the ventilated spaces. The heating of locker rooms, 
ilet rooms, etc., is by copper convector radiators, with 


two pipe steam system. The cooling is handled by the 
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cold well water circulating throug! 
emploving count 
heating and coolim 
on a velocity of 800 tpm throt 
\utomatic heating 


~{ thermostats and 


fans driven through variabk 


Steam for heating ts pt 


with a submerg 


oversize to handle 
as dehumidification 


period of maximun 


mately 20 per cent 


guidance and « 
Paulson and 
Maycock Lo and the contractor 


H. Walsh Co 
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The shelves in this freezing room are constructed of rectangular tubing. 
forming almost a solid shelf to give excellent contact with the product 


Rectangular Tubing Used 
as Refrigeration Piping 


By William B. Vilter* 


fas told to a correspondent | 


KCTANGULAR steel tubing is used as piping at 

the refrigeration plant of H. A. Nieman & Co. 

at Thiensville, Wis. The plant was installed 
for the fast freezing of horse meat to be shipped to the 
company’s fox farms for feeding foxes, and has capacity 
for freezing 50,000 Ib of meat in 24 hours. It has also 
been employed for freezing peas and corn, as the com- 
pany is also interested in that business. 

The installation comprises three cork insulated rooms 
having two sections of shelf coils 13 pipes high, made 
up of rectangular tubing. The tubes are fitted closely 
together and thus form an almost solid shelf which gives 
excellent contact between the product being frozen and 
the coils and insures faster freezing, for there is more 
flat contact surface with the rectangular tubes than if 


*Vilter Mfg. Co 


round pipes were used. Another feature of th 


stallation is that the patented method of construct 


the coils makes possible perfect flooding without 

use of an accumulator, 
The rectangular tubing 

formed is 2% in. by 1% in. in size; 1% in. extra h 


of which the shelves 


nipples welded on are used as spacers between 


shelves. Square and rectangular tubing of this 


is made the way steel pipe is, is available in a rang: 
sizes, and has of course been used for many purposes 


It has not, however, been used as piping to any ¢ 
extent and the Nieman installation is believed to lx 
of the first to use it in this way. 
Refrigeration is furnished by a 7% in. 
twin cylinder ammonia compressor and a 1034 in 
8% in. twin cylinder ammonia booster compressor 


by 7} 
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ca;acity reduction pockets which make it possible to 
vary the refrigeration capacity within a range of 50 per 
cen: less than the maximum. Using one compressor 


or single staging would not have been feasible, accord 
ine to the engineer, because of the high power require- 
ments, for low suction pressures are necessary to pro 
30 to —40 F needed. The 
ammonia gas is of course evaporated within the rect- 
ancular tubing making up the shelves. 


duce the temperatures of 


\s shown in the illustration, propeller fans are in 
stalled in a false ceiling to circulate the air in the 
rooms, and the air circulation speeds up the freezing 
process. The shelves are about a foot away from the 
walls of the rooms, and the air circulates from the back 
of the shelves to the fans and across the trays placed on 
the shelves. 

During the summer of 1938, a quarter of a million 


Simonds Saw Occupying 


& Steel Co 
Mass., what is said to be the 


EVEN years ago, the Simonds Saw 

built at Fitchburg, 
first windowless factory for American industry. Because 
of the depression, it was never equipped or occupied, 
but recently the company decided to complete the plant 
and centralize its three multi-story fabricating plants, 
totalling some 17 acres of floor space, in the single five 
acre room of the new one story building. Original idea 
in building the windowless plant was to provide working 
conditions for employees which “would equal those of 
any executive office,” and windowless construction was 
adopted to aid control of light, temperature, and noise 
With these factors under control 24 hours a day, it will 
be possible for the plant to operate on two or three eight 
hour shifts under identical working conditions 
or summer, rain or shine 


winter 


With acoustic ceiling overhead and special acoustic 
tile lining the solid brick walls, the plant will be lighted 
by combination mercury mazda fixtures 18 ft 
above the floor to produce shadowless illumination of 
uniform 20 footcandle intensity or better. Columns are 
spaced 40 ft apart along eight unobstructed 70 ft aisles 
in which raw materials, machinery and finished product 
will be laid out for straight line production in nine indi 
vidual, self-contained production lines. The major lines 
include those for wide band saws, crosscut saws, circular 
saws for wood and metal, machine knives, files and hack 
saws, specialty items, inserted point saws, points and 
shanks, and narrow metal 
cutting. 


vapor 


band saws for wood and 


To meet the ventilating and cooling requirements of 


the plant, where heat treating furnaces, annealing ovens 


The Simonds plant, built in 1931, will 


Nien an preters peas 


pounds of peas were frozen 


ing a bright green color, running somewhat large 
size than the canning variety Care is taken to kee 
the peas cool while in transit to the plant he 

then washed, graded, and blanched for a minut 

half in boiling water or steam at 212 | When 
blanching process 1s completed, the peas a4 spray 
with cool water and cooled to about 60 F For t 


purpose 2 
50 F 


a flume is used in which peas and cold wate 
are pumped. When this cooling is completed 
peas go through a squirrel cage dryer and are picke 
over for splits and foreign particles 


The peas are 


then put in trays witl shall 


screen. bottoms, and thes¢ placed on the re 


travs are 
After 


packed in cellophane bags, sealed and placed in cardi» 


angular tubing shelves being frozen th 


‘artons which are stored in rooms held at a yout 


Pioneer Windowless Plant 


and more than a thousand madividual motor driven 


chines will operate in a single room entirely without 


partitions, an evaporative cooling system was decid 


\ir will be 
rate of approximately 
hour It will 
through louvers on the end walls of four leat 


upon circulated through the build 


' 
400.000 cim. equivalent § t 


changes per come into the = structure 


ings which adjoin the manufacturing plant at points 


near the corners on either side of the structur 
air will be blown through water sprays in each of tnes« 
structures and will be distributed through the build: 
via 3000 lineal feet of ducts which range from a siz 
of 68 in. by 90 in. at the fans to 26 in. by 20 in. at 1 
outlets farthest from the fan units. The ducts are mack 
of copper bearing steel varying in gage from N 
to No. 20, depending upon the duct size 

\ll used air will be exhausted through ventilati 


] 


hoods in the root above furnaces and othe 


generating heat, where aprons extending trom the ceil 


ing to the bottom chord of roof trusses will trap he 
at its sources Che air will enter the plant at the wet 
bulb temperature and it is estimated that the rap 


exhaust of air through the roof above the heat 
units will maintain highly satisfactory conditi 
throughout the plant 

In winter, the air will be washed, heated and hut 
hed. 


lean-to buildings serves one quarter section of the manu 


The air handling apparatus in each of 
facturing building 
The Austin Co 


the plant 


have an evaporative cooling system 
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Steam Pressure Control with Load 
Limiting Feature Aids Efficiency 


An interview with V. E. Hupp* 
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The steam reducing control system with load limiting feature. 
No. 2 master control is to the left, No. 1 master control to right 


N advanced method of steam pressure control is 

employed in the new heating plant in Chicago's 

Lincoln Park, which furnishes heating steam for 
the zoo buildings, the floral conservatory, and the main- 
tenance buildings, as well as steam for driving pumps 
and four turbines. The heating job totals about 110,000 
sq ft of radiation. 

During the past two years the heating system has been 
modernized. Worn out boilers and chain grates which 
had been in service for 30 years were replaced by two 
modern 400 hp, low head room, high set water tube 
boilers with spreader type stokers. The boiler room was 
equipped with mechanical coal and ash handling systems 
and instruments. The average efficiency of the boiler 
plant has been increased from about 50 per cent to well 
over 70 per cent. While the new equipment investment 
was a substantial one, it should pay for itself within half 
the useful life of the equipment. 


Piping System Renewed 


The piping from the boiler house to the various build- 
ings was entirely renewed. With the old system, the 
pipes had been laid in trenches. Water pipes had been 
subsequently laid over the steam pipes, making the lat- 
ter practically inaccessible for repairs. New rectangular 
tunnels for the steam pipes were built of reinforced and 
waterproofed concrete 7 in. thick. The main steam tun- 
nel is about 2350 ft long, and is 6 ft, 6 in. high by 5 ft 


*Heating Engineer, Chicago Park District. 
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and + ft wide, inside measurement. This tunnel is | 
erly graded and the surrounding soil was drained du 
construction. Part of the tunnel floor is below the | 
of Lake Michigan, which is less than 200 yards dis: 
at some points. There are also some thousand fee: 
lateral tunnels, 3 by 3 ft, inside measurement, 
serve the various buildings. The steam mains ar 
maximum of 6 in. in diameter and the return lines 
maximum of 3 in., all piping being of wrought 
The high pressure lines are insulated with double + 
85 per cent magnesia, and the returns and low press 
lines with standard thick magnesia. At five locat 
in the tunnel system there are twin sump pumps of 2 
and 50 gpm capacity to keep the tunnels in a dry « 
dition, 

With the old trench piping, whenever it rained, it 
necessary to burn additional coal, as the water w! 
filled the pipe trenches played havoc with the steam i1 
practically unprotected pipes. 
happily a thing of the past. 

The new boilers deliver steam at 125 Ib pressure 


These heat losses 


75 deg superheat to provide dry steam at the points 
distribution. For heating purposes, the steam is redu 
in the boiler house to 80 Ib pressure, at which 
piped to the points of distribution in the buildings, 
further reduction to from 2 to 5 Ib is effected for 


direct and indirect radiation. 
Sudden Temperature Changes a Problem 


The heating problem in Lincoln Park presents 
difficult angle. The buildings, including a conservat 
and propagating houses with large glass exposures, a’ 
situated near the lake front where sudden changes 
wind direction which occur, frequently are followed 





Because 100 lb is the minimum pressure required for 
operating pumps and other steam driven equipment 
at the central heating plant for Chicago's Lincoln 
Park without impairing the service, the reducing 
valve supplying the heating mains with 80 lb steam 
is so controlled that when sudden outdoor tempera- 
ture drops occur, the reducing valve functions as 4 
spill-over or relief valve. Thus, the steam delivered 
by the boilers is spilled into the 80 Ib mains until 
enough time has elapsed for the boiler output to 
increase sufficiently to supply the full 80 Ib steam 
demand. The valve then reverts to operation as 4 
reducing valve, while the boiler pressure gradually 
rises to its normal of 125 lb, without waste of coal 
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os in temperature of 15 to 20 deg within a short pe 
rod. These changes put rapidly increased demands on 
heating system and there is a tendency for the boiler 
pressure to drop sharply. With the old plant, it was 
ossible to combat this condition successfully, and 
Now, when the 






quate heat could not be provided. 
nd changes and the temperature drops, the heating 
stem automatically adjusts itself to the increased de 
mand, and without excessive firing of coal. 


ve ore Phare 


Minimum Boiler Pressure 100 Lb 


In the boiler house are two master steam pressure con 


se 


; ls, so connected that, together, they operate either 1 
hoth of two reducing valves, the smaller valve being 
used in mild weather and the larger in winter, accord 
ing to the load. These valves, situated at the entrance 
E of the main steam tunnel, cut down the pressure of the 
steam delivered by the boilers from boiler pressure to SU 
° lb as long as the boiler pressure is 100 Ib or more. This 
; 100 Ib pressure is the minimum required for operating 
: the pumps and other steam driven equipment in the plant, 
6 and it is imperative that the boiler pressure does not 
3 drop below this figure 
g When the heating steam demand increases suddenly, 


following a sharp temperature drop, the boiler pressure 
may reduce to 100 Ib. If this reduction occurs, the re 
ducing valve regulated by the master controls automatic 


ally becomes a spill-over or relief valve. The steam cd 


WR Cina htt 


livered by the boilers is spilled into the SO Ib header un 


? til enough time has elapsed for the steam output to in 
crease sufficiently to supply the 80 Ib demand rhe 
valve then reverts to operation as a reducing valve, main 

’ taming the desired 8O lb pressure tor delivery to the 

2 steam main, while the boiler pressure gradually rises to 

its normal of 125 Ib, without waste of coal from too rapid 

¥ firing. 

# pe 

e he master controls thus regulate the reducing valve 

2 not only to maintain the 80 Ib pressure desired in the 

¥ steam lines but also to prevent the boiler pressure from 

Ls being reduced below the requisite 100 Ib. 

J The controls perform their function in the following 

@ manner :—The tops of the diaphragms of the two mastet 

; control valves are connected by piping to the steam 


main, No. 1 to the high pressure side and No to the 






Modern instruments were installed 
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low pressure side of the reducing valv 


springs control the pressure applied t 




























of the diaphragms 

When the supply steam pressure rises above 10% 
this pressure overcomes the pressure of the 
No. 1 control valve, lowers the valve stem and pet 
steam pressure to be applied to the top of the d 
of the reducing valve through a valve situated at 


lower end of the master control, which pressure 


When supply steam pressur 


hragm of the niastet 


the reducing valve 
to 100 Ib, the pressure on the diap 
control is overcome by thy 


pressure e€% 


spring forcing the valve stem up, w 


off the pressure admitted to the redu 

phragm, vents the reducing valve diaplu 

sphere, and permits the reducing valve to clos 
When the reducing-valve is closed, the pr ure 

the low pressure side of this valve reduce the 


decreasing the pressure on 
No 2 control he 
phragm of this control raises the valve st 
the valve to admit steam through the lin 
pressure side of the reducing valve 


valve Chis pressure will not pass 


to open the reducing valve until the pressure 
high pressure side of the reducin lve ibove 10 

When boiler pressure rises above 100 Ib, the \ 
ot No. 2 control opens to admit the pressure 1] 
by No. 1 control to the reducing valve 


opens the reducing valve and satisfies the det 


the low pressure main. When this ce 
is satished the pressure on the top of th lap 
of No. 2 control overcomes the spring pressur 


ing the valve stem Chis mm turn cl 


off the steam supply to the diaphrae tf the re 
valve and venting this diaphragm to atmospher 
permits the reducing valve to close by spring a 

Che modernization of the heating svster vas designe 
and the construction was supervised by the engin 
forces of the Park District. under the t¢ ( 
vision of Mr. Hupp and the general direction \\ 


Bell, assistant general superintendent 








Check Charts for 








Air Conditioning Calculations 









By J. M. Dean* 


() N the next page appeal ( harts Nos 1] il cd 12 
this series, the first of which was published in t 
May, 1938, H. P. & A. ¢ with a general 


developed tl 









These charts wer connection with the 





author's duties as air conditioning engineer for an electri 








power company in an endeavor to reduce the worl 
checking air conditioning jobs to a simple routin 
cedure 






Chart No. 11 is for computing pounds per minut 





ventilation air, recirculated air, and total air wit! 





cim and cu ft per lb of ventilation air and recirculat 
Chart No 


ditions of mixtures of two quantities of air 


air known. 12 is used for determining cor 















*Air Conditioning Engineer Des Moine Elect Light ( 
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ontrol 


Applying 


to Hotel Heating 


By O. E. Stossel* 





service 1m 


EMAND for 


transient and residential hotels has led to the in 


better 


economy and 


stallation of a great variety of heating controls, 
most of which are excellent pieces of engineering work 
and have been very successful with different types of 
heating systems, especially in smaller buildings. If there 
have been failures recorded in the case of some large ho 
tels, they have been caused usually by trying to make the 
control do something that was beyond its scope. 

The load curves of large hotels are complex and differ 
in each individual case. The larger and more elaborate 
a building is, the more factors there are to be taken into 
consideration. It is unfortunate when a good heating 
control is discredited because the need fora survey of con- 
ditions within the building has not been recognized 


Conditions Influencing Heat Demand 


It can be easily understood that the heat demand of a 
building may be influenced by conditions which are most 
difficult for a mechanical device to detect. In severely) 
cold weather, for instance, the room temperature must 
he kept higher to compensate for the increased radiation 
loss of the human body to the cold walls and windows. 
There are many other instances in which more or less 
heat should be given than outside conditions alone might 
warrant. Especially in large buildings, it is our experience 
that the most satisfactory results will be obtained if the 
attention of an experienced operator can be combined 
with a control that will provide efficient heating under 
all conditions. 

The installation of radiator orifices is a valuable aid 
to better performance of a controlled heating system. 
One should guard carefully, however, against the habit 

' Maintenance men who like to remove orifices from 

liators for which they have had complaints. If this 


The author is connected with a hotel management concern 
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tampering has been done many times, the system may b 
When 
ever the system is in poor condition and afflicted wit 


many trapped lines which cannot be eliminated, it is ad 


worse off than before installation of the orifices 


visable to operate with a high pressure differential ar 


small orifices, in order to maintain circulation 


greater economy, however, the pressure in the teed line 


should be kept as low as the condition of the svstem will 
permit. 

Condensation in the feed lines should be kept at 
The heat loss in the 


determined by the difference in temperature between pipx 


minimum. feed lines is, of course 


and surroundings and by the quality and thickness of t 
insulation. Sub-atmospheric steam, being lower in t 
perature, will diminish the heat loss somewhat. Ther: 
also a second and perhaps greater loss in the feed line 
due to the condensation which is carried back direct 
to the vacuum pump without ever getting into 
radiator. The difference in temperature between thi 
condensation from the feed line traps and the conde: 


tion from the radiators mav be as high as 8O | 

In most cases excessive condensation in the feed line 
can be avoided. The steam should be reduced sufficient 
up to the rachat 


to maintain from the reducing valve 


never less than 5 F superheat. The greater part of 
condensation, in this way, will be re-evaporated befor 
1s discharged through the riser traps \ thermometet 
and a compound gage connected to the last radiator val 
will tell if the steam there is still in a condition to ré 
evaporate the condensate 

In a plant with high boiler pressure the conditions ar 
still more advantageous if one takes care to carry a 
atmospheric pressure from the reducing valve or 
system that has a tendency to carry excessive condet 
tion it may be advisable to increase the boiler pressure 
few pounds. In many plants, of course, exhaust stear 
from pumps and engines represents a large percentag: 
ot the total heating steam, which makes it difficult 


prevent excessive condensation in the heating lines 


Installing Control on Savings Basis 


! 
Spoke nN ih Connes 


\ word of warning should be 
with heating controls installed on a savings basis. Steps 
must be taken beforehand to enable one later to dete1 
mine the exact amount of the savings. Few hotels have 


Without 
+1 } 


equipment, an increase or decrease in other than 


sufficient and good metering equipment 


heating load or changes in boiler efficiency cannot lx 
accurately checked, even if the owner cooperates LOO 
per cent. Unless one is sure that the building its 1 
under-heated at various times, one should be very « 


tious with promises of savings. \n improvement 


service only, achieved by the control, cannot be « 
pressed in dollars and cents 

A quick check-up on 
easily. The heating plant can be considered to 
efficiently if the temperature in the building 1s right a1 
returned condensate low Lhe 


a heating plant 1s made v 


the temperature of the 
correct return temperatures differ for each plant, and 
crease inversely with the outside temperature. But even 


in very cold weather the condensate temperature in a 


vacuum system should not rise over 130 F 
If there are never any complaints from tenants, on 
can be fairly sure that the building is being over-heate: 





How to Install and Operate 


Deep Well Turbine Pumps 


HE following paragraphs have been taken from the 


deep well turbine pump section of the “Standards” 
of the Hydraulic Institute: 

When installing deep well turbine pumps, care should 
be taken to see that all parts are properly cleaned; and 
when handling, that the shaft, outer pipe, and shaft en- 
closing pipe or tube, when used, are not bent; then fol- 
low carefully the detailed instructions furnished by the 
manufacturer. 

Never force the pump into the well. It must slide into 
the well freely and easily. Forcing 
or cramming the pump into the well 
may cause serious damage ; in fact, it 
may be impossible to start a pump 
that has been forced into a crooked 
well. If the pump is forced, the dis- 
charge column and the lineshaft may 
he bent, which would result in bind- 
ing the lineshaft in the bearings so 
that satisfactory operation would be 
impossible. Deep well turbine pumps 
imust hang free in the well when in position, and the head 
or base plate is grouted into place after being properly 


aligned. 
If pump will not start, check the following : 


(a) Low voltage. 

(b) One or more fuses burned out. (Test voltage 
on all phases of motor terminals). 

(c) Overload relay tripped. 

(d) Motor defective. 

(e) Starting equipment defective. 

(f{) Pump sand locked. (Try loosening with Stillson 
wrench). 

(g) Crooked well. 

(h) Packing too tight. (If used). 

(i) Impellers improperly adjusted, rubbing on top or 
bottom. 

If pump will not deliver water: 

(a) Lowest impeller not submerged. 

(b) Pump speed too low. (May be due to low volt- 
age or frequency). 

(c) Pumping head too great. 

(d) Suction pipe or impellers clogged up. 

(e) Suction strainer clogged up. 

(f) Lineshaft broken. 

(g) Pump operating in wrong direction. 

(h) Discharge valve closed. 

If pump will not deliver sufficient water : 


(a) Air or gas in water. 

(b) Leaky suction pipe. (If the pumping water level 
is below lowest impeller ). 

(c) Pump speed too low. (May be due to low volt- 
age or low frequency). 
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(d) Pumping head too great. 

(e) Suction pipe or impellers partially clogged 1 
(f) Suction strainer partially clogged up. 

(g) Discharge valve partially closed. 

(h) Excessive drawdown. 

(i) Suction lift on impellers. 

(j) Worn impellers. 

(k) Leak in discharge pipe. 

(1) Pressure gage incorrect. 


(m) Capacity measuring device incorrect. 

(n) Axial adjustment of impellers or rotating element 
incorrect. 

lf pump takes too much horsepower: 

(a) Too heavy oil being used for lubricating lineshaft 
bearings. 

(b) Sand in water. 

(c) Crooked well throwing lineshaft bearings out 
line. 

d) Speed too high. (May be due to high voltag 

frequency ). 

Discharge head different from that for whi 


— 


pump was designed. 

(f) Crooked lineshaft. 

(g) Vibration. 

(h) Packing too tight (when used). 

(i) Impellers improperly adjusted, rubbing on t 
or bottom. 

(j) Improper alignment at pump head. 


If pump vibrates : 


(a) Worn bearings. 

(b) Bent lineshaft. 

(c) Motor out of balance. (Get in touch with motor 
manufacturer ). 

(d) Crooked well. 

(e) Air or gas in water. 

(f) Motor shaft not lined up with pump shaft 

(g) Motor coupling out of balance. 

(h) Impellers out of balance due to foreign matte: 
caught in them. 

(i) Pump head not properly aligned. 

If there is excessive wear : 

(a) Bent lineshaft. 

(b) Improper lubrication. 

(c) Crooked well. 

(d) Sand in water being pumped. 

(e) Vibration. 

(f) Misalignment. 

(g) Cross threads. 


For oil lubricated, enclosed lineshaft pumps, be sure 


that the oil used for the lineshaft bearings is extreme!) 
light. The viscosity should not be over 100 to 150 se 
unds Saybolt Universal at the well water temperature 
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Waste Steam Air Conditions | 
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University of Nebraska Building 


By Conrad VY. Carlson 


UTTING a waste product into productive use ts 
always an interesting subject, for such projects 
careful 
planning to attain the desired end. the 
with the new Student Activities building at the Univer 
itv of Nebraska, Lincoln, where exhaust steam (other 


usually involve ingenions methods and 


Such its cast 


wise wasted) from the turbines is used to produce 


refrigeration for air conditioning. 








Air conditioned Student 


Activities building 


Heat and power for the Activities building, the othe: 
main campus buildings, and the State Capitol building 
The 35 

lh exhaust steam from the turbines is used for heating 
the campus buildings in winter, but in summer has had 


are furnished by the University’s power plant. 


Steam is supplied to the turbines at 
turbines of 


to be condensed. 
275 Ib from the 


1250 kw rating each. 


there being two 

Steam for heating the Capitol is 
supplied at 275 Ib pressure. In summer approximately 
10,000 Ib per hr of steam is available. The power plant 
is connected with the campus buildings and the Capitol 
building with tunnels so that additional piping (such 
as chilled water) can be run to any building from the 
power plant. 

\lthough the original Student Activities building plans 
were to include a complete air conditioning system with 
the exception of the refrigeration, it was found in the 
fall of 1937 that finances would permit the addition of 
the refrigeration unit, so its location became one of the 
first problems. Making use of the exhaust or 
steam seemed the logical procedure rather than gener 
ating electricity, which in addition to incurring losses in 
transforming the steam to electricity would mean making 
additional energy at the power plant. The exhaust steam 
irom the turbines for producing the refrigeration may 
be considered as costing nothing, as, otherwise, it would 
have to be condensed. 


int 


he ilers, 


waste 


The questron then resolved itself 
that of the location for the steam jet machine at 


\ctivities building or the power plant. Location at the 
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made necessary a Com 


\ctivities building would have 


| 


tower there Location at the power plant would 


necessitate additional overhead for 


supervision as thy 


regular operators could take care of the plant in addit 
to their regular duties Thev would also be 
day and night, an advantage since conditioning is nec« 


sary on some evenings quite late in the ballroor Lon 
tion at the power plant also permitted using the exist 
cooling tower. 


The principal obstacle to putting the st 
at the power plant was the cost of the chilled water 
and insulation, particularly the latter The temper 
in the pipe tunnel ranges from 115 to 130 | 
piping carrving chilled water, the insulation must 


effective as the chilled water must be piped a distan 


2680 ft. The effectiveness of the insulation is attribute 
mainly to the care used in applying it. The insulation 
consists of two 34 in. layers of wool felt placed with thi 
joints staggered; every joint was carefully sealed wit 
asbestos. An 8 oz canvas jacket was then applied and 
this was given a coat of special sizing followed | 
coat of a special black paint 

The steam jet machine (rated capacity 200 tons) wa 
imstalled in the north-east corner of the power plant o1 


the ground floor, a little excavating for the chilled water 


pump being necessary to obtain the required head root 


\n indication of the care used in making the steam jet 
installation is that it has been possible to produce su 
chilled water has | 
the Activities building 1s 


the 


a vacuum that 33 | 
load of 
tons, 


\s the cr oling 


proximately 125 machine has 


capacity, it being necessary to operate two and s 


times only one of the four steam jet booste: 

A 50 hp, single stage, motor driven pump circul 
the chilled 
\ctivities building at an initial pressure of 
1{) ] Dm mot 


water through the 2680 ft of piping to the 
112 Ib ar 
return line pressure of 60 Ib. Two 
pumps circulate the condenser water, only one of wv 
is necessary at the present partial loading 

Of the 10,000 Ib per hr of exhaust steam available i 
the | 


summer, 3000 Ib is used for machine, s¢ 
additional capacity for future air conditioning is availabl 


steam jet 
hesides the excess capacity of approximately 75 tons in 
the present system. 
Acknowledgment is made to Jacob Schmall, plant 
superintendent, for the data and information given her 
Architects for the building were Davis & Wilson, an 


William L. Cassell 


piping was installed by 


was the consulting engineet Phe 
Newberg & 
also installed the steam jet equipment under tle 


" ' , 
Bookstrom wi 


vision of the consulting engineer and Natkin & Co 


The author was not connected with this installatior 


other than in the preparation of this artich 





Holyoke Water Power Company 


Installs Industrial Steam Line 











7 Boiler House 























A welded steam distribution sys- 
tem for supplying steam for 























Springfield 4’ Line process and heating to several 
Proremawnn Ca, ° industrial customers was recently 
Worthington Pump and completed by the Holyoke 

energy. Karp. (Mass.) Water Power Co. The 

F senitktesdibgoeeial piping 4 prioly se: cepectoagee 

\ bridge pipe sire iiormation on the tests of 


the welders and the welds and 
putting the piping in operation 
























































RIVER... 


Me ogeressnee . 
S : " Roao” ‘Pipe 30' : oonre 
% || White and Wyckoff above ground welded construction using flanged va 
} Mfg. Co. #"line with welding neck flanges at the connect 
orman Bid. Holyoke thereto. The specifications required that t 
ss oe Wate? Power Cal Boiler Plant entire system should have welded join 
a made by the electric arc weld process suit 


able for 300 Ib WSP and _ performed 
welders holding Hartford certificates o1 








Route of the new steam distribution system 


WELDED piping designed to carry 
steam at 200 Ib pressure and 540 F temperature, 
was recently completed by the Holyoke Water 


Power Co., Holyoke, Mass., to deliver steam to several 


system, 


large manufacturing plants where it is reduced to pres 
sures suitable for heating and process uses. 

The line extends from a boiler plant on the shore of 
the Connecticut 
right of way on a box truss to a building, continuing 


River (see sketch), crosses a railroad 
along the outside wall of this building to another box 
truss which carries it across a road and another railroad 
right of way, turns at right angles and parallels the 
roadway to a point opposite the Norman Building, with 
which it connects through a 4 in. line underground. 
The first section of the line from the boiler plant 
to the southerly side of Appleton St. is 8 in. pipe. At 
this point the main changes to a 6 in. line running over- 
ground on concrete piers to a manhole where a 4 in. 
branch line runs to the White & Wyckoff Mfg. Co. The 
6 in. main continues underground to the Springfield 
Photomount Co. which is served with steam by a 2 in. 
branch, Continuing underground and through the base- 
ment of the Marvellum Co., which is served with steam 
tor heating and process use, the 6 in. main continues 
underground to property of the Worthington Pump & 
Machinery Corp. Here the size reduces to 4 in. and 
the line rises from underground to overhead construction 
running along the building wall to the boiler house. 


Welding Most Important Problem 
The welding work was considered to be the most 


important construction problem. The line is of all 

\ complete discussion of this industrial steam line, from which most 
f the information given here has been taken, by E H. Cameron and 
Ralph E. Day, was published in the Bulletin of the National District 
Heating Association, Vol. 23, No. 4 Illustrations used here courtesy The 
Lincoln Electric Co 
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ing equivalent evidence of their experienc 


and qualifications. 
-~ 


was later used as well and about 25 per cent 


was performed by this process. 

All welders were given a stringent test before beir 
employed. Each prospective applicant was required t 
make a 6 in. pipe weld in position (non-rolling). Th 
weld was then burned by the torch into 1 in. wide se 
tions and each sample thus obtained clamped in a vis 


close to the weld and hammered backward until it was 


doubled back upon itself. Any crack showing in 
weld meant that the applicant did not qualify. 

The welded joints were made without the use of bach 
The ends of the pipe were beveled, th 
Arc wel 


ing-up rings. 
joints being the single 60 deg vee butt type. 
ing of the joints was done in two passes, the first wit 


y's in. electrode and the second with ;*; in. electrode. Ai 


average of 14 joints were welded in a 10 hr day; this 


included cutting, lining up, tack welding and _finis! 
welding. 

All welded joints were subjected to a 4 Ib hammer 
test with the line unde: hydrostatic pressure. 
fications called for a hydrostatic test of 400 Ib gag 
The main lin 


The speci 


pressure to test the welds and anchors. 
was tested in five sections as the work progressed. Th 
only unusual incidents occurring during the tests wer 
the failure cf a concrete anchor that had insufficient rein 
forcement, the appearance of a slight crack in a 16 in 
brick wail laid in cement mortar which was caused by 4 
temporary brace, and an observed movement of an anchor 
pier of “4 in. caused by the “take-up” of the dead man 
For certaii branches it was necessary to test a cold main 
while the adjacent main was hot. In such cases it was 
necessary to avoid having the valve disc subjected 
cold water on one side and steam on the other wit! 
resultant warping stresses. To accomplish this 
temporary blank steel plate was inserted at the vas 
ket of the cold flange. 
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Acetylene gas welding 
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Underground Construction point The asset 
grade and slop 
he only exception to the standard concrete envelope struction prov «| 
erground construction occyrs at a 90 ft section located ranted by similat 


, passageway between two manholes. This location, 


+ in. branch line, presented a difficult construction Starting Up and Operation 
blem. The pipe runs in front of and parallel to a 
y shipping platform. Previous exploration had re [he operation of the line is under 
led a maze of water, gas and steam pipes and conduits operating staff of the Holyoke Water 
ntaining underground wiring. Further complications generating station he 
occurred in the form of two 600 volt underground power freedom from interrupti 
cabies which crossed and recrossed the proposed line nen are applying the 
making it necessary to dig up a large area and relocate steam line operation 
these cables. At the high spot there remained only 20 was first turned on 
in. of available space between the top of a conduit con outgomg main valve 


, 


taining electric wiring and the surface of the paving to manhole 3 


rele DL ROR RRR MME AEM a0 


tact 


Standard concrete envelope construction being impos hours to warm 


sible in this location, the 4 in. pipe was insulated and opened. Each 


they 


inserted in a 10 in. pipe. The trench was then excavated, traps carefull 


"8 


the pipe in its protective sleeve placed in two sections was then turned 
and the 4 in. and the 10 in. pipes welded at the high hours elapsing be 


ibove—-Welding a dirt pocket and drip line into the 
piping. Below—Are welding an expansion joint 


yaa "E = eee ees Tie ee ¥ 
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during 
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Analysis of Sunshine 
911 of the General Elect: 
Laboratory, Schenect 
entitled 
shine,” 
ki. Bock, and cor 
sented 
neering Society 
pertains particularly 
lighting of buildings 
to air conditioning 
aid in determining 


solar energy received 


~ 
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Safety Engineers Discuss 


Mine Ventilation and Heating 


H EATING of air that is forced into a mine to keep 
ice from blocking the ventilation shaft when the 
temperature drops on the top side was discussed before 
the mining section of the National Safety Congress last 
month by R. D. Satterley, superintendent, Inland Steel 
Co., Ishpeming, Mich. 

When the ice blockade problem first arose in the Morris 
mine, Mr. Satterley related, engineers decided to use the 
regular pressure ventilating fan and an exhaust fan 
alternately, so that warm air drawn from the mine would 
melt the ice formed when the pressure fan pushed in 
great volumes of cold air. This plan was not success- 
ful, however, because of the longer periods necessary 
to operate the exhaust, which fouled the mine air with 
gases from decaying timbers in an old part of the dig- 
gings. 

Detailed descriptions, both of the mine layout and of 
the heating system which solved the problem, were given 
by the speaker, who gave data as to costs of construc- 
tion and maintenance and the amount of time required 
for supervision of the automatic machinery. 

Automatic stokers, thermostats, aquastats and heaters 
which make up the heating unit added to the ventilation 
system require a minimum of attention (about two hours 
a day), he said. Coal feeds by gravity into the stoker 
trom a hopper, which holds a carload of fuel. 

When the temperature of the outside air drops near 
the freezing point, the first of four unit heaters is turned 
on by a thermostat. A second unit kicks on intermit- 
tently at temperatures from 20 deg down to 5, a third 
comes in between 5 and 15 deg below zero and all four 
are operating when outside temperature drops to minus 
25 deg. 

Nominal costs for the installation and operation were 
quoted by Mr. Satterley, who stated that the installa- 
tion has entirely eliminated the frequent interruptions 
of former winters that resulted from ice forming in the 
ventilation shaft. 


Mine Ventilation 


Mine ventilation and some of the new developments 
in this branch of industry were explained before the 
same section by Raymond Mancha, manager of the venti- 
lation division of the Jeffrey Mfg. Co., Columbus, Ohio. 


The principal point emphasized in Mr. Mancha’s 
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paper was the high efficiency and low cost of mine 
tilation through the use of propeller type fans inst 
at the bottom of air shafts, compared to the meth 


exhaust fans operated at the surface. Retention o 


surface exhaust fans for emergency use was r 
mended, however. 


Rock Dust Removal 


Rock dust removal is of primary importance in | 
taining healthy conditions in any mine, but whe: - 
diggings are extensive, an elaborate and complicated ' 
tem of ventilation is needed to solve the problem. 
an extensive system, as used by the Montreal M 
Co., was described by C. M. Fellman, safety and 
lation engineer of the Montreal Mining Co., Mont 
Wis. 

With normal production averaging 4000 tons o 
matite ore per day, coming from a network of 
and cross cuts at an average depth of 2300 ft, ventilat 
is an important problem in the Montreal mine, re 
ing four high powered pressure fans in the main s 
and numerous auxiliary fans throughout the systen 

“The necessity of adequate ventilation and the | 
fits which are derived therefrom are so well known 
recognized by mining men that there is no need to dw 
upon the subject,” declared Mr. Fellman. “Suffic: 
to say that the ventilation systems of iron ore mu 
should aim to provide moderate working temperatu: 
lower the relative humidity, remove heat caused by ey 
posed gob or timber mat, provide fresh air low in du 
content to all parts of the mine, and rapidly ren 
dust, smoke and gases caused by blasting without « 
tacting the workmen.” 

Because of the extensive underground reaches of 
Montreal claim, the ventilation system is divided 
300 ft blocks, each block having its fresh air source: 
return air outlet, which prevents the passage of 
and contamination from mining operations throug! 
entire territory. 

The air currents on main haulage levels are « 
trolled by automatic ventilation doors, which allow 
sage of motor trains without breaking the main ar 
current. 

Auxiliary fans are used in mining and development 
places which cannot be ventilated by the fresh air cur 
rents. The fans are placed in the fresh air currents and 
the air carried into the working places through a 12 o 
16 in. galvanized metal pipe or tube. 

Rock headings are ventilated by 15 hp high speed 
pressure fans, set in fresh air currents with 16 in. tubes 
to conduct the air to within 20 ft of the breast. The 
return air current from the breast passes through a pair 
of water curtains to settle the dust. They are also ef 
fective in settling smoke and gases after blasting. Dur 
ing drilling the miners wear air line respirators, supplied 
with compressed air from underground air lines whic! 
passes through a filter which reduces the pressure and 
heats and humidifies the air if necessary. All drilling 
is done wet. 

Dust counts, as recommended by the U. 5S. 
Health Service, are made continuously from every pat! 
of the mine, providing a constant check on air conditions 
underground and pointing the way to improvements 
the ventilation system. 
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Welded Joints 








This paper—which was presented at the annual meet- 
ing of the American Welding Society last month 
reports the results of two series of tests on arc welded 
joints in carbon-molybdenum piping. The first series 
was made to determine the effect of groove design. 
whether or not general chipping of each bead is neces- 
sary, and the value of a recording voltmeter as a 
means of checking soundness of welded joints. 

The second tests made to 
the residual stresses in pipe joints welded at three dif- 
ferent temperatures when tested in the as welded, fur- 
nace stress relieved, and local stress relieved condition 


series of was determine 





HE comparatively recent increase of steam tem 

peratures and pressures in modern power stations 

has placed much more rigid requirements on joints 
in piping for this service. 

Carbon-molybdenum steel, because of its good physical 
properties and resistance to creep at high temperature, 
has been generally accepted as the base material for th 
pipe, and welding as the most satisfactory method of 
joining it. 
regarding groove design, detailed 


However, there are differences of opinion 
welding procedure, 


methods of inspection and heat treatment subsequent to 


eRe bile sale Sapa hs Ss genadde atest Lettan Rai ce Tee e eacaties 


welding of joints for this service. 


» 


tals itd Soi ei wal 


The first series of tests was made to determine: 


1. The effect of groove design, by comparing four represet 


tative types. 
2. Whether or not general chipping of each bead is necessary 


The value of a recording voltmeter as a means of checking 





£ soundness of welded joints. 
The second series was made to determine the residual 
® stresses in pipe joints welded at three different tempera 





*Works Laboratory, General Electric C 
Part 1 







Fig. 1—Four types of grooves compared 
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in Carbon-Molybdenum Piping 


tures when tested in the “as welded,” “furnace str 


relieved’ and “local stress relieved” conditio1 


First Series of Tests 


; ; ')T TTL eT ' 
LOSiLS, PCI! 1 Sal 


Before starting this series of 
in both plate and pipe were made to establish the wel 
ing procedure for various types of grooves in pip 
horizontal and vertical positions 
All welded pipe samples were taken trom one lengt 


ID and 85% in 


tion being 0.13 per cent carbon 


1 os in OD seamless tubing, its comm 


0.50 per 


denum \ll position 4% per cent molybdenum ele« 


of %& in. and ; in. diameter used throug! 
When welded. the pipe 


in. long 


were 
samples were approximate] 


The inside diameter of each 


at the joint just enough to provide a proper fit { 
backing rings. Pipe ends were not bumped up and 1 
recess Was mac lo! the backing rmgys on al 
joints because 

1. Such preparation would materially interfere with the mal 
ing of reduced sectiol tensile, and tace and root bend Specime 
which would give comparative data on the respective joints 

2 his preparation does not have a definite bearir 


weldability of the joint. 
For each of the four groove designs used, one pipe was 
the 
Che 
shown in Fig. 1 
All welds were made 


fixed horizontal and one in the 


details 


welded in 

position of the four groove designs 

in the shop by a production weld 

ing operator. The pipe set-up, method of preheating at 

concurrent heating and welding conditions were typi 
7 he preheating 

gas burner rings and the thermocoup! 


were placed as shown in Fig. 2 


of shop production conditions 
current heating 
\ pipe mm the vert: 
position partially welded with gas burner rings covered 
with asbestos is shown in Fig. 3 

Each pipe sample was heated slowly to 
500 F held there the 


welded. Each bead was cleaned with a small air operate 


approximate 
rt 


and until joint was complet 


cleaning tool and hand wire brush before depositing 
next taken to 
was of the proper shape, and in the 


bead. Care was insure that 


proper location an 


' 


that craters were properly filled when the arc was broke1 
4 shows location and shap« 


eat h 


Fig 


for electrode changes 


head is con 


of beads but in actual pipe welding 


~ 











Fig. 3—Pipe set up in vertical 


position and partly ar 
welded. 


View showing asbestos covering and gas suppl) 
lines to ring burners used to heat and to maintain desired 
temperature during welding operation 





Fig. 2—Sketch of pipes set up for welding showing position 
of gas heating apparatus and thermocouples 
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Fig. 4—Two pipe joints welded to show location and shape of each bead 
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WELDING PROCEDURE sc eles on } Be 
Avg. Current and BBs — 5 53 wes 
Electrode Type, Position, Thickness, and Size of re Voltage Nature of | Bo! 3 “3 ge 
Manipulation Number of Beads Electrode |nia8 FieciDiah Phec | Cleaning ° |°8 
A whipping action PRES Sinn S 
Beads 1 & 2 
as used in depos- REE Daa 1. All weave beads 4 @ 
iz sp 7 aa ae 1/8" diam | 80-100 | 105-125 | smlleir| S]a | & 
| iting the ls 2. Avg. thickness 1 e welo ~ 
| On all other beads|)| \_ 4 7 5/32" - jr a) a eet te 
i lten ? ” etac e wr ' 
| a pool of mo A eg 3. Total No. beads} 4. eeas| 20-26 23-28 pars = i 
metal vas carried . 7 Ae" a4 1 ° al 
and @ veaving mo- n 5 : am| volts volts 
tion was used. eR ouss 
L 
| ee en eee 
Bead 1 o uw 
Sion os 1. All weave beads/ 1/8" diam | 80-100 | 105-130 | smal) air Scie IZ 
| $51-C-12 : 2. Avg. thickness elec amps amps = |nanmer with| 27 1° | 4 
1/8" - gee detachable | © 8 ‘ 
t Desi Le 
we 1 = : 3. Total No. beads/| Other beads | 22-26 23-28 chisel $ G 
1 8 5/52" diam/ volts volts os 
T T elec 3 
8 
° 
<— 7 ~~, 3 
© Beads 1 & 2 fe 
Sane as \ 5s _f \j i+ All weave beads/ 1/8" diam | 80-100 105-130 | sei) air 2 we 
$51-C-12 4 2. Avge. thickness elec amps amps heamer vith 4s sie 
Joint Design 5/32" - detachable |U 8 |. 4 
oly 3. Total No. beads| other beads| 22-25 23-28 chisel o Y 
7 5/32" diam| volts volts 2 - 
elec 
| Beads 1,2&3 
Same as $51-C-12 1. All weave beads} 1/8" diam | 80-100 | 105-130 gen} ai $ wis 
except that whip- 2. Avg. thickness elec amps amps nbensnen naw “4s oj; 
ping was necessary 1/8" ay detachable $8 ~ 4 
on the first three 3. Total No. beads | Other beads | 22-25 23-28 " e 
beads ll 5/52" diam/| volts volts chise ad - 
elec 
a oy of ee. 1. Combination of 
| metal was cerrie e and 
| fairly continuous- a aie Beads 1,4&7 in 
| ly. In depositing ng . 1/8" diam | 80-100 105-125 | 5.033 oO w 
2. Thickness mall air zilcn 
the string beads elec amps amps Seaman 8 g siw 
in the corners,no Weave beads —_———_ — 5 age" 
| weaving was possi- 5/32" - Other beads | 22-26 23-26 ane 2s “Le 
ble.In depositing String beads 5/32" diam | yolts volts chisel e > 
| the wider weave 5/32" 1 
beads, @ weaving 3. Total No. beads| ° °° 
motion was used. 20 
1. Combination of 
weave and 
1 
"string beads Bead 
| Same as 2. Thickness ap diem | 80-100 | 105-130 Smill sir | 2o w 
$51-C-14 Weave beads esse ms ae hammer with BE 3 . 
Joint Desi ® . e 
| a same beads | ther beads | 22-25 23-26 aa esirls 
5/32" 5/52" diam / volts volts o wn 
3. Total No. beads else 
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weave and 
- - “oO if] 
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Fig. 5—Summary of welding procedure for 





each joint welded 
















2nd Pass 
Vertical Section 


Ist Pass 
Vertical Section 


Fig. 6—Typical are voltage record, pipe position horizontal 


pleted before next bead is started. General chipping of 
each bead and of craters was not employed. After weld- 
ing, the pipe sample was covered with asbestos and 
allowed to cool slowly to room temperature. The welding 
procedure for each welded joint was as shown in Fig. 5. 
A recording voltmeter was used throughout the entire 
welding of samples. Figs. 6 and 7 show typical are 
voltage records of first and second beads on fixed hori- 
zontal and vertical pipe samples. 

Radiographs of three sections of each welded joint 
were taken. Fig. 8 shows a representative radiograph. 

Each sample was locally stress relief annealed by the 


Ist Bead 2nd Bead 


Fig. 7—Typical are voltage record, pipe position vertical 


induction method within a temperature range of 1100 1 
1200 F for 1 hr. 

From each pipe sample, three reduced section tensile, 
three face bend and three root bend specimens were saw 
cut, machined and tested. At least three representativ: 
macro-sections of the joint were taken from each pij 
sample. These macro-sections were also used for hard 
ness determinations. Fig. 9 shows specimens from pipe 
welded in the fixed horizontal position after testing. Fig 
10 shows photomacrographs of cross sections of the two 
welded pipes with hardness values (Rockwell B) and 
representative photomicrographs. 


Fig. 8—Reproduction of radiograph of vertical welded section of fixed horizontal pipe 


Tack weld 
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Slot depth 0.02 inches 
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Fig. 9—Typical welded specimens after testing 


Examination of radiographs, macro-sections, physical 
test results and observations during welding show that 


sound welded joints were made with all four types of 


groove designs. 
Test results indicate that, with the welding procedure 
and groove designs used, general chipping of each bead 




















Joint Design No.1 
_ Vertical Position 
Pipe Joint No. $51-C-14 
x3 





Unaffected Parent Meta! 
x100 


| . ’ , 
HeaTinc, Prpinc anp Air ConpiTioNninc, NovemsBer, 1938 


and of craters was not necessary) 

In comparing test results with the recording 
records, no defects were found corresponding to the 
regularities in the arc voltage records 

These tests substantiate our welding experienc 


regard to the procedure for imsuring satistactory wel I 


















Joint Design No.1! 
Fixed Horizontal! Position 
Pipe Joint No. $51-C-14 
x3 


Fig. 10—Photomacrographs and _ photomicro- 

graphs of sections from two welded pipe joints 

showing cross-sectional views, indicating hard- 

ness values (Rockwell B) and microstructure at 
significant points 


joints in any structure which is as follows 


1. Establish and qualify the procedure 
2. Qualify the operator under the proceduré 


3. Properly supervise and inspect visually during weldis 


The use of non-destructive tests on completed produ 
tion welds as a substitute for the above procedure will 
prove that the above procedure is the most economical 
and practical when applied before starting production 
welding. 

[To be concluded | 


“oc 








Movie Makers, Brewers Need Air Conditioning 


Comfort air conditioning for Hollywood's super-sound stages 
was called a necessity by L. Logan Lewis* in an address recently 
before the Society of Motion Picture Engineers. His paper was 
prepared jointly with Charles M. Wert, air conditioning special- 
ist for the motion picture industry. 

The tendency of major producing companies to construct 
colossal outdoor scenes on indoor stages and the advancement in 
the art of making backgrounds has brought much of the spec- 
tacular He said through 
the use of air conditioning on sound stages the term “on loca- 
tion” may be banished from the Hollywood vocabulary. 

“Furthermore, familiarity with air conditioning may make it 
requested among the higher salaried film personnel,” he ex- 
plained. “At the present time Twentieth-Century Fox, Par- 
amount and Metro-Goldwyn-Mayer have a total of 35 air con- 


shooting” inside, Mr. Lewis explained. 


ditioned sound stages.” 

Mr. Lewis said the increase in size of stages to “football grid- 
iron” area has complicated the need for air conditioning. He 
stated there are 278 different trades and professions in the motion 
picture industry and at one time or another a great number of 
these have representation on the set. 

“On large stages some 400 persons have been anticipated and 
provided for and this number will be exceeded on occasions,” 
he explained. “A number of these occupants are, of course, ac- 
tors and actresses in heavy costumes and makeup. 

“The construction of the modern sound stage plays a part 
in the necessity for air conditioning, but basically sound stages 
are being air conditioned because of the need for human com- 
fort; and the results are of economical value. 

“The application of air conditioning for the moving picture 
industry is more allied to human comfort than in any other 
industrial application.” 

Two requirements met in air conditioning a sound stage are: 
1. The use of air delivered into the stage for actual trans- 
portation of heat out of the stage. 2. The furnishing of new 
air to meet the ventilation requirements of the occupants. 

In addition to cooling the studio, the system must circulate, 
humidify and cleanse the air in summer and supply heating for 
about nine months of the year. The nights are cool and the 
stages large; thus heat is required before the actual shooting 
takes place. 

An application of complete air conditioning on the sound stage 
must meet many demands. It must consist of a flexible system, 
able at all times to meet the requirement of proper heating, 
proper ventilation, proper air cleaning, proper cooling, adequate 
exhaust for the removal of smoke and fog, maintenance of 
proper conditions of temperature and humidity within the breath- 
ing zone and proper distribution of air to enable the meeting 
of all of the other requirements without discomfort to the occu- 
pants. 

In addition the systems must be specially built and insulated 
against all sound, including the swish of the air in the ducts. 
This is necessary due to the danger of the slightest sound regis- 
tering on the delicate recording devices. 

In concluding, Mr. Lewis emphasized the economic factor as 
the moving one in the decision to install air conditioning. 

“In the moving picture business, as in other businesses, time 
spent is money spent,” he said. “It is obvious that satisfactory 


results can be produced under comfortable conditions more 


quickly than under uncomfortable conditions. 


*Chief Engineer, Carrier Corp. 
tEngineer, Carrier Corp. 
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“Uncomfortable and unbearable conditions in unconditi 
spaces are fought in many ways; doors are opened between s! 
for flushing the stage with air, shots are delayed, ice cakes 
dry ice are brought onto the stage and shots are made at ni 
All these contrivances lead to a loss of time and money. Dan 
to costume and makeup from perspiration is self evident and 
a dollar value. 

“Probably the most conclusive evidence toward the proving 
economic value for sound stage air conditioning is the fact 
air conditioning systems are still being installed for moving 
ture companies who have experienced results from previous 


stallations.” 
Air Conditioning in the Brewery 


Control of biological changes which occur during the brewing 
of beer was named by C. I. Elliott,t speaking before the Maste: 
Brewers’ Association on October 5, as the “number one” 
of air conditioning in the brewery. Mr. Elliott said air cor 
tioning was one method through which brewers could ke 
“these biological changes in the same order and under defi 
control, thus maintaining uniformity and quality of product 

He listed the starting and fermenting cellars as “musts” 
air conditioning. “It is in the starting cellar that the greatest 
danger of infection exists,” he warned. “The wort is at the « 
rect temperature for infection and the period between entering 
the starting cellar and the time the pitched yeast becomes started 





in order to build up resistance against infection, is the most 
vulnerable during brewing. 





“The starting cellar should be carefully conditioned, particu 
larly with a view to a sterile and clean condition. It is 





portant to avoid direct currents of air over the starting tu 
for induced or indirect circulation is better. 

“Accurate temperature and humidity are also essential. Th« 
natural protective layer of heavy CO: on top of the starting tu 
should not be disturbed. The density of this gas film is su 
as to cause many small undesirable infectious particles to float 
off the surface. 

“Humidity should be maintained at a point where condensa 
tion on the ceiling will be eliminated, since this will coll 
infectious particles and when falling will drop through the gas 
film into the wort and thus start infection. 

“The conditioning equipment consists of heating and cooling 
coils, sprays, eliminators, fans and filters with the required co: 
trols. One way of circulating the air is delivering the air on t! 
floor under the tubs at a high velocity and taking the return at 
the ceiling. In this manner the bottoms of the tubs are maintained 
in a clean condition, corners are dry, foreign yeast spore do 
not grow in dry places and better control is obtained with the 
lowest possible air motion over the top of the starting tub.” 

Of the need for air conditioning in the fermenting cellar hay 
ing closed or open, wood or steel tanks, he explained 

“Here air conditioning is essential to maintain correct 
perature, humidity, air motion and cleanliness. Maintenanc: 
correct temperature in order to allow attemporator coils to ! 
effective, correct humidity to prevent condensation on walls 
ceilings or equipment, to dry up floors and equipment after was 
ing, to prevent top yeast from hardening on equipment, to eli: 
nate damp corners or location where wild yeast might grow 
supply sufficient ventilation to keep the CO: concentration below 
3 per cent and for the comfort and safety of workers 

“All outside air should be filtered by the use of efficient 
ters. The outside air intake should be away from all exha 
or vent pipes. Heating is necessary to assure correct win! 
temperature and humidities.” 


; 
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Performance of Stoker-Fired and 
Hand-Fired Warm-Air Furnaces 


in the Research Residence 


By A. P. Kratz,* S. Konzo,** and R. B. Engdahl,*** (MEMBERS) 
Urbana, Il. 


Introduction 
Preliminary Statement 


HE investigations in forced-air heating in the Re- 

search Residence at the University of Illinois dur- 

ing the period from 1932 to 1934 were confined to 
studies' of the characteristics of the forced-air heating 
system under actual service conditions. For these investi- 
gations the fuel used was anthracite. During the period 
from 1934 to 1937 the performance and operating char- 
acteristics were determined** of a warm-air furnace 
equipped with a conversion oil-burning unit and of a 
warm-air furnace designed specifically for oil firing. 
During the heating season of 1937-1938, these investi- 
gations were extended to include the comparison of the 
performance and operating characteristics of a thermo- 
statically-controlled hand-fired, warm-air furnace burn- 
ing a high volatile bituminous coal, with those of the 
same furnace fired by means of a domestic stoker, of the 
underfeed type. In order to obtain comparable data no 
changes were made in the furnace itself, in the plant, in 
the volume of air circulated, nor in the settings of the 
thermostat when the stoker was substituted for hand 
firing. Furthermore, in each case, coal from the same 
mine and of the size usually recommended for the partic- 
ular method of firing was used. 


Description of the Research Residence and Heating 
Equipment 


The Research Residence in Urbana, IIl., and the heat- 
ing plant have been completely described in a previous 
publication.* The Residence is a three-story structure of 
standard frame construction, in which the walls are not 
insulated, and no weatherstripping is used at the win- 
dows nor at the doors. The wall section consists of lap 
siding, building paper, sheathing, 6-in. studding, wood 
lath, and plaster with rough sand finish. The windows 
are double hung, and during all of the tests reported in 
this paper they remained tightly locked. 


*Research Professor, Engineering Experiment Station, University of 
Illinois. 

**Special Research Assistant Professor, Engineering Experiment Sta- 
tion, University of Illinois. 
on Assistant, Engineering Experiment Station, University of 

inois, 

1University of Illinois, Engineering Experiment Station Bulletin 266, by 
A. P. Kratz and S. Konzo, 1934. 

2Performance of Oil-Fired, Warm-Air Furnaces in the Research Resi- 
dence, by A. P. Kratz and S. Konzo. (A.S.H.V.E. Journat Section, 
Heating, Piping and Air Conditioning, December, 1936, p. 693-704.) 

*Study of Methods of Control and Types of Registers as Affecting Tem 
perature Variations in the Research Residence, by A. P. Kratz and S. 
Konzo. (A.S.H.V.E. Journat Section, Heating, Piping and Air Condi 
tioning, December, 1937, p. 745-757. 

*Loc. cit. Note 1. 

For presentation at the 45th Annual Meeting of the American Society 
fF HEATING AND VENTILATING Enctneers, Pittsburgh, Pa., January, 1938 
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The total space heated consisted of three rooms, a 
room, a breakfast nook, and a hallway on the first st: 
three rooms, a bathroom, and a hallway on the se 
story; and two rooms, a bathroom, and a hallway on 
third story. The total volume of this heated space, f1 
which the basement was excluded, was approximat 
17,540 cu ft. The calculated heat losses were appr 
mately 159,000 Btu per hour at an indoor-outdoor t 
perature difference of 80 F. The Residence is complet 
furnished, and during the heating season it was occuy 
by six people. 

The heating plant consisted of a warm-air furnace us 
in connection with a forced-air heating system. Thre 
cold-air returns were used and were connected int 
cold-air box above the inlet to a centrifugal type of fa 
The furnace was placed at the East end of the basement 
and the warm-air registers were served from two mai 
trunk systems. 

The furnace used in all of the tests made with both t 
hand firing and stoker firing was thermostatically cor 
trolled, was of the cast-iron circular-radiator type, having 
a 27-in. firepot and 23-in. grate, and was equipped wit 
a casing 50 in. in diameter. The areas of the heati: 
surfaces and the dimensions of the furnace are presented 
in Table 1. 

In order to install the mechanical stoker, which was 
inserted through the ash-pit door of the furnace, t! 
grates were removed, and firebrick were arranged 
form a flat hearth as shown in Fig. 1. The stoker was 
of the underfeed type, and coal was delivered from th 
hopper by means of a rotating screw to the retort, whic! 
was located in the middle of the hearth. The hopper had 
a capacity of 300 Ib. Both the rate of fuel input and the 
rate of air supplied to the tuyeres could be independent) 
regulated. In the case of the tests reported in this pape: 
the rate of fuel input was maintained at 48.6 Ib per hour 
and the rate of air input was adjusted to provide for sat 
isfactory combustion conditions. In this case the CO 
content of the flue gas was maintained at approximately 
11 per cent when the stoker was in operation, and 
slightly hazy atmosphere over the fuel bed was obtained 
The rate of air input was not sufficient to blow particles 
of coal away from the fuel bed. 

The rate of burning of the fuel is dependent on t!x 
rate of air supply to the fuel bed. It may be observed 
however, that in the case of the domestic stoker of th 
underfeed type the rate of burning of the fuel is not 
necessarily the same as, and is usually less than, the rate 
of fuel input to the furnace. If the rate of burning of the 
fuel in an underfeed stoker were equal to the rate of fuel 


> 
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Table 1—Dimensions and Areas of Furnace Used The control of the heating plant was accomplished 





* means of a room thermostat operating to start an 


ate ginemeter ....... aed . 23 in, 

(,rate diamete! 4 the stoker motor, or to open and clost the ash-pit dampet 
te afea ....--- 2.88 sq it or 

Grate area Paty and to start and stop the circulating fan as show: 

lirepot diameter . . 0 ae ee . 


; rfac Fig. 2. This room thermostat was used in conjunctiot 
ticating surtace . : 
with two bonnet thermostats which served as hig! 


























ash-pit ......-. - , 1.36 sq ft baer . 
Geeeet ....-- a . 8.10 sq ft low limit controls for the temperature of the air in t 
: dome ... ; eS k .. 18.87 sq it furnace bonnet. Che settings fo! the thermostats é 
& radiator ...... iene . 31.93 sq ft shown in Table 3. 
¥ Jed tadsee © pone ee da + . 60.26 sq ft This method of control was highly satistact 
: Ratio of heating surface to grate area... ~ +> Se previous installations in which anthracite and oil fu 
Casing diameter . cases : 50 in. were burned, and also proved to be equally satisfact 
: Free area through casing -e++ 4.9% sq it for both hand firing and stoker firing of bituminous c: 
: acea s 4 : | | 
' Combustion space* ...... . - 2 oe As indicated by the broken lines in the upper right 
: > ; ver-fire damper 1.9 in . . om: " . 
Free area through ove é I sq portion of Fig. 2, a contact was provided in the bonnet 
— —— =" Eprregene nanan rage thermostat which closed the fan circuit when the bonnet 
“Combustion space is defined in this case as the space above the hearth 
level, including the dome, but not the feed neck. temperatures exceeded, or over-ran, a temperatur 
195 F. This same basic control system was used 
stoker-fired plant and, in addition, an auxiliai 
designated as the hold-fire time switch, was includ 
or t This time-switch is indicated by the broken lin 
lower part of Fig. 2. If the bonnet temperature were les 
: than 125 F and if the stoker remained inoperative 
‘ > . } | 
: 30 min, the time switch closed and the stoker was caus¢ 
aD ; ; ; 
vane to operate tor a two-minute period. This period of op 
tion was sufficient to maintain the fire in the fuel b 
and, except during very mild days when there exist 
Laevet« . s : 
vies ' demand for heat, did not cause any unsatisfacto1 
. heating in the rooms in the house 
. ‘ ry ‘ ‘ 
, 2a The room thermostat, which was of the heat 
e +“ _. 1 11 ' , 
‘ pating type, was located on an inside wall of the dini 
. A —s > ._ T2086" = t~ . : - ; . 
CSTs : nas ee nk room at a height 60 in. from the floor, and was 
- : : , . , justed to maintain an average air temperatur 
Fig. 1—Diagram of conversion stoker installation in : : me “ . Oe Maw 
furnace. Research Residence, Season 1937-38, Series approximately 72 F at the 60-in. level in all of the 
3-37 and 4-37 of the Residence 


Method of Conducting Tests 


input, as it is on the chain grate stoker, then no excess 


fuel would be available in the firepot to maintain com- The fan and the damper motor, or stoker, were au 
bustion during the off-periods. It is probable that with matically controlled to maintain an average temperatur: 
’ intermittent operation of the stoker, with a given rate of of 72 F in the rooms of the house both day and night 
fuel input and depth of fuel bed, some leeway exists in Observations of weather. indoor room a enn 
the adjustment of the air volume which will result in sat tures, room relative humidities. and other incidental dat 
: isfactory combustion conditions, and which will at the were made daily at 7:00 a. m., 11:00 a. m.. 4:00 p 
same time not materially change the level of the fuel bed. ee ; 
Hence, in the case of intermittent operation of the stoker Air vee By Bf ss hy sd AF wd. (AS. 
in which some air is inevitably supplied to the fuel bed execs mints dette 
' during the off-period, the rate of burning of the fuel 
\ should be such that : 
1. Satisfactory combustion conditions are maintained. ris 
2. Sufficient coal remains in the fuel bed when the stoker oo ee 
operation is stopped to allow for combustion during the off j ' 


periods of the stoker. 
Sufficient heat is generated to handle the maximum demands 
of the house, and 
t. The particles of coal are not blown away from the fuel bed. 
The fuel burned in these tests was a high-volatile 
bituminous coal obtained from Saline County, Ill. The 
characteristics of the fuel are shown in Table 2. In gen 
eral the fuel used proved satisfactory for both hand firing 





and stoker firing. - “ 
lhe centrifugal fan in the forced-air system delivered 
approximately 1675 cfm of air which was recirculated - 


+} 


rough the house. Six replaceable air filters of the See + es 

viscous-c “dl fibe eye a oe8 eg" Fig. 2—Simplified wiring diagram for contro! of fan motor 
% S-coater ver type, each 16 in. x 25 in., were and stoker motor (or damper motor). Research Residence 
installed on the inlet side of the fan. installation, Season 1937-38, Series 1-37, 3-37 and 4-37 


Neatinc, Pipinc ano Air Conpitioninc, Novemser, 1938 (33 











Table 2—Characteristics of Coals 





GENERAL DESIGNATION 


Be ci vce i awibeacakisneeb ee Stove Stoker 
(2in.x1%in.) (1in.x10mesh) 
wie al in Vilesan ea deen eee Illinois Illinois 
5 RAMS yi tee ithe sy <9 SaaS No. 5 No. 5 
Ce os 00s sos baawe es Saline Saline 
an lok okt eh eth dete Non-caking Non-caking 


Washed, 


oil-treated 


Washed, 


oil-treated 


Treatment 


PrRoxiMAte ANALYsis (As received) per cent 


DN. Sw wadenes mene 6 aes 3.50 8.50 
Veletite ie Sic cccscins cies ces SR 30.96 
Fixed Carbon ..... BS Se . 51.61 53.15 
eet eee sidcaKk mak ena Gan 6.67 7.39 
Unrrmate ANAtyYsis (Dry basis) per cent 

CN ad kwie ova xwes 4 6ceudoeex an 76.30 74.95 

Hydrogen 1.90 4.73 

Ce. catalan voames 8.28 8.94 

Nitrogen 1.56 1.47 

EN ick Likes s 2.07 1.84 

MD (2 ne ante aie Pos Coe deh ee 8.07 

CaLoriFic Vatue, Btu per pound: 

Coal As Received..... eee . 13041 12107 
Dry Coal 13514 13232 
i Lt Pare oe . 14670 14550 

\ir required, pound per pound 
ee waksievia elie 10.3 10.0 

Friability Index, Dw, per cent*. 39.8 39.8 

Asn CHARACTERISTICS, deg F.” 

Initial Deformation ............ 1925 1925 

Softening Temperature 2000 2000 

2193 2193 


lluid Temperature 
‘University of Illinois Engineering Experiment Station Bulletin No. 218. 
»Average values from Illinois State Geological Survey for Saline County 


coal 


Table 3—Approximate Thermostat Settings, deg F 


Hano STOKER 
FIRED FIrep 
Room thermostat setting << oan Le 72 
Lower-limit bonnet thermostat for fan motor 
SS Are ne 125 125 
Break circuit* a 110 110 
High limit bonnet thermostat 
for stoker or damper motor 
Make circuit® ......... bcd ate bis kok Se ee 135 
150 150 


Break circuit® 
Bonnet thermostat for over-run 
in temperature 
Make circuit® .. xis Mak Soe eo 
Break circuit ...... 190 190 
Hold-fire time-switch. . bigs a ... 2 min opera- 
tion every 30 


195 


min 


“These temperatures are not settings. They correspond to the actyal 


air temperatures in the bonnet outlet as obtained from the temperature re 
corder in the North Trunk. 


and 10:00 p. m. Complete data were obtained for each 
24-hour test period on the fuel consumption, weight of 
ash and clinkers removed, the total integrated time of 
operation of the fan and of the stoker, the total electrical 
energy consumption of the fan and of the burner motors, 
and the total number of on-periods of both the circulating 
fan and stoker. Daily observations were made of the 
volume of air circulated, and the filters were cleaned with 
sufficient frequency to maintain the air volume constant. 
In addition, continuous records of temperatures and CO,, 
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such as are shown in the typical records in Figs. 3. 4 
and 5, were obtained for each 24-hour period. Cont) \y 
ous records of the index of smoke density were 
obtained by means of the apparatus shown in Fig. 6. 
servations were made, as will be explained in « 
later, on the time consumed in attending the furnac: 

For each series of tests, data were obtained for a 
range of outdoor weather conditions, and signit 
values for each 24-hour period were plotted agains: 
difference in temperature existing between the ind 
and outdoors for the same period, as shown in Fig 
to 11 inclusive. The plotted points deviate to some ey 
from the curves representing the average of the obse; 
data, and these deviations can be partly attributed t 
wind and sun effects which cannot be represent 
curves based on temperature difference alone. 

In the first series of tests, which has been desig 
as Series 1-37, the furnace was fired by hand at 11 a 
4 p. m., 10 p. m., and 7 a. m. daily. The fuel bed 
poked, grates shaken, and ashes and clinkers rem 
except in extremely 





once each day at 11 a. m. 
weather when the fuel bed was disturbed only once ev: 
two or three days. Previous to each firing of the 
the live coals and coke in the fuel bed were shoved ba 
toward the rear of the firepot and the fresh charg: 
coal was fired in the front. The over-fire damper in | 
firing door was left wide open at all times. Both the as 
pit damper and the check damper in the smoke pipe wi 
operated by means of the damper motor. With the 
used, the rate of combustion was found to be extreme! 
responsive to increases in draft. The method of firi: 
employed and the attention given to the furnace may 
considered as simulating normally good firing practic: 


In the second ‘series of tests, which has been desig 
nated as Series 3-37, the furnace was fired by means 
of the mechanical stoker. At 11 a.m. each day 
clinkers were removed, the fuel bed levelled, and 
hopper filled with coal. During extremely mild weath 
no attention was given the fuel bed or hopper, except 
required every two or three days. The over-fire dan | 
in the firmg door was left open at all times. A balan 
check damper was installed in the clean out of the cl 
ney and was adjusted to maintain a draft in the s1 
pipe of approximately 0.05 in. of water. 

It was observed in the second series of tests that « 
siderable burning accompanied by low CO, content 
the flue gas occurred during the off-periods of 
stoker. Since the burning that occurred during thes 
relatively long periods was undoubtedly augmented | 
the air entering through the over-fire damper, the th 
series of tests, designated as Series 4-37, was run wit! 
the over-fire damper closed. In all other respects ¢! 
method of operation was identical with that used 


Series 3-37. 
Operation of Circulating Fan 


For these tests, which were made to study the ¢ 
parative performance of the hand-fired and stoker-! 
furnace plants under actual service conditions, both 
circulating fan and coal stoker were operated inter! 
tently by means of the automatic control system, ‘ 
to maintain uniform air temperatures in the hous: 
In determining the performance characteris! ics 


‘ 


rei 


ft 
al 


all times. 
for each method of operation, data were obtained on 
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operation of the fan, the consumption 
of fuel, the operation ot the stoke 


time consumed in attending the 


nace, and the production of smok« \ 
comparison of the periormance of the 
heating plant for an average heating 
day is of interest. For Urbana, III 


the average outdoor temperature 

ing the heating season is 38 F. Hence 
for an indoor air temperature of 7 
the value of the averag 


difference between indoors an 


doors is 34 F. The comparisons 

on this temperature difference n he 
regarded as indicative of the results 
be secured from the entire 


scason 


As shown in Fig. 7. the tota 


ber of times the fan was operated, the 
total hours of fan operation, and the 
energy consumption of the tan 

per day were each smallet 
hand-fired plant than for the 


hred plant. It may be observ 





lor a temperature difference betwee 
indoors and outdoors Ol 34 I _ tive 
energy consumption ot the fan was 2.1 
and 2.8 kwhr for the hand 
a . . . stoker-fired plants respectivel 
Fig. 3—Temperature and CO, records for hand-fired plant (over-fire damper open). 2 : ; 
Season 1937-38, Series 1-37, Test No. 1256. Forced-air heating system, cast, circular difference can be accounted for by 
radiator, 27-in. furnace. Bituminous coal, 2 in. x 3 in. stove size fact that with the hand-fired plant th 
mean of the actual bonnet air temp 
¥ " atures was higher than that for the 
~~ & > — . ; 
~~ 3? - ‘ stoker-fired plant, is shown ‘ 


and hence the demand of the 
thermostat was satisfied y the 
livery of warmer air for shortet 
of time. 

It should be observed that the 
setting of the bonnet thermostat 
the same for all tests, but 
of the larger amount of tt-1 
burning that occurrs 
plant when the ash-pit damper vw 
closed, the whole rang 
temperatures, and henc: 
net air temperature, that was 


tained was higher than tl 


stoker-fired plant rhe lower 
the tem] erature range Was ig] my tine 
case of the hand-fired plant 


there was sufficient burning during the 
off-period, so that, sometimes, w! 
the room thermostat demanded lh 
the fan operated. However, the bonnet 
temperature did not decrease enous 
actuate the bonnet thermostat in th 
damper motor line and thus open the 
ash-pit damper. When the bonnet 





temperature became excessively hig! 

the over-run contact shown in Fig. 2 

7 closed ; the fan operat d irre spective ol 

Fig. 4—Temperature and CO. records for stoker-fired plant (over-fire damper open). 

Season of 1937-38, Series 3-37, Test No. 1265. Forced-air heating system, cast, circular 
radiator, 27-in. furnace. Bituminous coal, l-in. stoker size 


whether or not any demand for heat 
existed, and the bonnet ait tempera 
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Fig. 5—Temperature and CO, records for stoker-fired plant (over-fire damper 
Season of 1937-38, Series 4-37, Test No. 1311. Forced-air heating system, cast, 


radiator, 27-in. furnace. 
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Fig. 6—Details of installation of smoke density 
recording instrument in Research Residence, 


1937-38 


tures were reduced below the upper limit temperature 
of 195 F. The bonnet air temperatures accompanying 
these periods of minor cycle operation are shown in the 
chart for bonnet air temperatures in Fig. 3. The fre- 
quency of these minor cycles in total number of opera- 
tions per day is shown in the upper part of Fig. 7. On 
account of the slightly greater gravity action during the 
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Bituminous coal, l-in. stoker size 





off-periods of the fan, resulting fr 
the higher bonnet air temperatur 
some amount of temperature over-r 
occurred in the second and third st 
rooms, even in moderate weather. |] 
temperatures were, however, not 1 
satisfactory from the standpoint 
comfort. 

In the case of the stoker-fired pl: 
the combustion rate was greatly dim 
ished when the stoker ceased ope 
tion; the bonnet air temperatures w: 
maintained within a lower range, 
shown in Fig. 8; and no minor cyc 
of fan operation resulted. Hence, 
moderate or severe weather conditi 
no overheating occurred in any part 
the house. In extremely mild weat! 
the maintenance of the fire by means 
of the hold-fire switch tended to p: 
duce some overheating in the hous 
particularly in the rooms on the seco: 
and third stories. 

It is probable that if the combusti 
during the off-periods had occurred i: 
the same manner for both the hand 
fired and stoker-fired plant, the rang: 
of bonnet air temperatures would hav 
been the same, and the performance o/ 


closed). 
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. fan would also have been the same in the two cases. 


t] 
In general, the slightly smaller energy consumption of 
the fan in the hand-fired plant was accomplished by a 
sieht sacrifice in the exactness of the control of the 
temperatures in the bonnet and in the second and third 


stories of the Residence. Hence, the reduction in energy 
consumption of the fan motor cannot be considered as 


an unqualified advantage. 
Consumption of Fuel 


Since small deviations occurred in the heating value 
of the different lots of coal used, the actual weight of 
coal fired in the stoker-fired plants was corrected to 
equivalent weight of coal, having a heating value of 
13,040 Btu per pound, and the corrected weights were 
plotted in the curves for fuel consumption shown in 
Fig. 9. 
weight of coal burned in the hand-fired plant (curve 
No. 1) was less than that burned in the stoker-fired plant 
in which the over-fire damper was wide open (curve 
No. 2), but was greater than that burned in the stoker- 
fired plant in which the over-fire damper was closed 


It may be observed from these curves that the 
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Fig. 8—Operating range of bonnet air tem- 

peratures. Research Residence data. Cast, 

circular radiator, 27-in. furnace. Season 
1937-38, Series 1-37, 3-37 and 4-37 


Fig. 9, for an indoor-outdoor temperature difference of 
34 F, show that the weights of coal burned per day 
were 138 Ib for the hand-fired plant, 154 lb for the 
stoker-fired plant with over-fire damper open, and 128 
lb for the stoker-fired plant with over-fire damper closed. 
Under local conditions a price differential of approxi- 
mately $1.25 per ton existed in favor of the coal used 
for the stoker-fired plant. 

In the case of the hand-fired plant the fuel was burned 
comparatively uniformly, as indicated by the records for 
CO, and flue gas temperatures shown in Fig. 3. On 
the other hand, in both of the stoker-fired plants the 
evolution of heat was not as uniform as that for the 
hand-fired plant, as indicated by the records shown in 
‘igs. 4 and 5. Furthermore, the burning that occurred 


during the off-periods of stoker operation was accom- 
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Values selected from the performar Fig. 9 
, ee lifference of 34 F 
Talues are average t thos btained 


periods of st ker operatior 


panied by a lower CO, 


content of the flu yas, pal 


ticularly when the over-fire damper was open 


be 


conditions of combustion could be maintained 


By proper adjustment of the air supply to the fuel 


“<1 during the periods of stoker operation, excellent 


During 


the off-periods of the stoker, however, the fuel remaining 


in 


the fuel bed burned with the air supplied through the 


fuel bed by means of the existing natural draft and with 
the air supplied over the fuel bed through openings in 


the feed door. 
from these two sources during the off-periods « 


If a large amount of air were supplied 
tf the 


stoker, the amount of coal burned during the off-period 


W 


ould be large. 
In the case of the hand-fired plant, the fuel bed con 


tained a large amount of partly coked fuel which con 
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Fig. 10—Operating characteristics of stoker and furnace. 
Research Residence tests. Cast, circular radiator, 27-in. 
furnace. Season of 1937-38, Series 1-37, 3-37 and 4-37 


tinued to evolve combustible gases during the off-period. 
These gases required a comparatively large amount of 
air for combustion, and the amount supplied by the over- 
fire damper was sufficient to promote good combustion 


of the gases, but did not result in a great amount of 


combustion of the fuel at the surface of the fuel bed. 
In the case of the stoker, the fuel remaining at the end 
of the operating period was well coked, and only a small 
amount of combustible gas*was evolved during the off- 
period. Hence, with the over-fire damper open a con- 
siderably greater amount of air than that required for 
the combustion of the gases was drawn in, resulting in 
lower CO, content than that shown for the hand-fired 
plant. At the same time, however, the combustion of 
the fuel at the surface of the fuel bed was promoted and 
the evolution of heat from this source, together with the 
reduced heat transfer caused by the greater mass of air 
present, resultéd in higher flue gas temperatures than 
those shown for the hand-fired plant. 

When the over-fire damper was closed in the stoker- 
fired plant, the excess air was reduced, resulting in ma- 
terially higher CO, values than those given by the same 
plant with the over-fire damper open. At the same time 
the restricted combustion at the surface of the fuel bed 
resulted in flue gas temperatures much lower than those 
obtained with the over-fire damper open in the same 
plant, and somewhat lower than those obtained in the 
hand-fired plant. The amount of leakage, however, was 
apparently sufficient, with the small amount of com- 
bustible gases evolved, to give more excess air than that 
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obtained in the hand-fired plant, as evidenced by = 
lower CO, obtained in this case than that obtained 
the hand-fired plant. 

Since the total time of stoker operation per day, 
indicated in the second group of curves from the 
of Fig. 10, was ordinarily less than five hours, the 
period burning constituted an important part of 
entire burning process. The result was that high 
low CO, contents and temperatures of the flue gas oc: 
ring during these off-periods were reflected in co 
sponding high or low average CO, contents and flue 
temperatures as shown in Table 4. Since the flue 
loss is influenced by the combination of CO, content 
temperature of the flue gas, the higher fuel consumpt 
of the stoker-fired furnace with the over-fire damyx 
open, as compared with that of the hand-fired furn 
is consistent with the lower CO, content and _ highe: 
Hue gas temperature shown in Table 4. Also, the lo 
fuel consumption of the stoker-fired furnace with 
over-fire damper closed, as compared with that of 
hand-fired plant, is consistent with the slightly low 
CO, content and the lower temperature of the flue ¢ 
shown in this case. This reduction in fuel consumptior 
however, was accompanied by the production of som 
smoke and soot, a discussion of which will be present: 
im a later section. 


Operation of the Stoker 


The number of stoker operations, the total hours o/ 
stoker operation, and the electrical energy consumptior 
of the stoker motor per day are shown in Fig. 10. I: 
each case the values obtained with the over-fire damp 
open were slightly greater than those obtained with 
over-fire damper closed. For an indoor-outdoor 
perature difference of 34 F the electrical energy cor 
sumption of the stoker motor was 0.6 kwhr per day wit 
the over-fire damper open and 0.5 kwhr per day wit 
it closed. The electrical energy consumption of 
stoker motor per ton of coal fired was 7.8 kwhr 
both methods of stoker operation. It is probable 
with smaller rates of coal input to the furnace the valu 
shown in Fig. 10 would have been larger. 


tet 


Time Consumed in Attending Furnace 


For the purpose of determining the time consunx 
in attending the furnace, measurements were made 
means of a stop watch of the time consumed in shakin; 
grates, removing ashes or clinkers, firing coal into t 
furnace or hopper, and leveling the fuel bed. The total 
time consumed per day is shown in the lower group o! 
curves in Fig. 10. These values do not include the tin 
necessary to walk from the first-story living room t 
the furnace and back. In the case of the Research Resi 
dence approximately 134 min per trip were required 
Hence, if it is desired to account for this time, an add 
tion of 4x 1.75 or 7.0 min for the hand-fired plant and 
134 min for the stoker-fired plant may be added to th 
values shown in Fig. 10. 

The total time consumed in attending the furnace on 
an average day in which the indoor-outdoor =. 
difference was 34 F was 15 + 7 = 22 min for the han 
fired plant and 8 + 134 = 93% min for the stoleor-Gred 
plant, or a difference of 12% min per day. For a heat 
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ing season consisting of 200 days, this difference would 


amount to 


200 * 12.25 
60 


© approximately 41 hours. 


Over-All House Efficiency 


The significance of over-all house efficiency was dis 
cussed in a previous publication,® and further data on 
this subject were obtained on the stoker tests. In order 
to compare the fuel consumption with oil, anthracite, 
and bituminous coal, the fuel quantities shown in Fig. 9 
were reduced to terms of heat input to the furnace, in 
millions of Btu per 24 hours, and were plotted as shown 
by curves Nos. 1, 3, and 4 in Fig. 11. The values for 
oil, (curves Nos, 2 and 5) and anthracite (curve No. 6) 
have been reproduced from a previous paper.’ In all 
cases the operation of the heating plant was controlled 
by means of sensitive thermostatic controls. 

From analysis of the flue gases when anthracite was 
used as a fuel, the heat lost in the gases escaping from 
the chimney, which represented heat furnished by the 
fuel that was not ultimately available for heating the 
house, was determined as approximately 10 per cent of 
the total heat input to the furnace. The actual heat loss 
, investigation of Warm-Air Furnaces and Heating Systems, Part IV, by 
\. C. Willard, A. P. Kratz, and V. S. Day, (University of Illinois, Engr 


ering Experiment Station Bulletin 189, Chapter V.) 
Loc, cit, Note 2. 
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from the house (curve No. 7) was then derived 


the experimental results for heat input obtain 


anthracite as a fuel (curve No. 6 By using thes 
derived values of the actual heat loss from the hous¢e 
connection with the fuel consumption curves for the 
hand-fired and stoker-fired plants, the over-all housé 
efficiency, or the ratio of the heat loss from the hous« 
to the heat input to the furnace, could be calculated a 
shown in the lower part of Fig. 11 For an i 


outdoor temperature difference of 34 I the over-all hous 
efficiencies were 8O per cent with the stoker-fired plant 
having over-fire damp r closed, 75 per cent 
hand-fired plant, and 67 per cent with the stoker-fired 
plant having over-fire damper open The value 

per cent obtained with the hand-fired plant using bitu 
nous coal is in substantial agreement wi 


viously obtained in the Research Residenc 


; ; 


Che results obtained from these tests were 


extent dependent upon the method of 


The conditions of hand hring whi were maintain 
simulated normal intelligent firing of a thermostatical 
controlled hand-fired plant. In the case of the har 
fired plant, it is probable that the fuel « ( ‘ 
have been larger if lump coal, rather 1 ( 
adapted to hand firing, had been used; if hand cont: 
rather than automatic thermostatic control ad bees 
used : Ol if the coal had been thrown on t p OL the 
rather than to one side. 
Smoke Density 

The smoke density meter, consisting i | 
a thermopile, as shown in Fig. 6, used connect 
with a recording potentiometer, provided eans 
obtaining continuous records of the index smoke 
density in the smoke pipe The lamp voltage was 
adjusted, by means of a rheostat, so that when no smok« 
passed through the smoke pipe a maximum reading 
five millivolts was obtained from the thermopile upon 
which the light beam was received Smoke passing 
through the smoke pipe reduced the intensity of the light 
beam reaching the thermopile. When the light bean 
was completely intercepted the thermopile gave a read 
ing of zero millivolts. 

For the purpose of calibrating the instrument in terms 
of the more familiar Ringelmann numbers, the elect 
motive force generated by the thermopile was observed 


by means of the potentiometer, and at the san me the 
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Fig. 12—Calibration of smoke density recording instrument 
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smoke emitted from the top of the chimney was com- 
pared with Ringelmann charts. The calibration curve for 
the instrument, with the check draft sealed in order to 
prevent air leakage between the instrument and the top 
of the chimney, is shown in Fig. 12. It may be noted 
that an indicator reading of 2.4 millivolts was obtained 
with smoke density corresponding to No. 3 Ringelmann. 
It is common practice for smoke ordinances to limit the 
production of smoke to six minutes of No. 3 smoke in 
an hour. 

The index of smoke density, plotted against the time 
in hours after the coal was fired, is shown for the hand- 
fired furnace in the upper part of Fig. 13. The scale 
of Ringelmann numbers is given on the right hand side 
of the graph. It was observed that, when coal was 
added to the fuel bed at a time when low combustion 
rates were maintained, the comparatively low temper- 
atures of the fuel bed resulted in correspondingly small 
rates of evolution of the gases and of formation of smoke. 
This condition is shown by the curve designated as the 
upper range in Fig. 3, and it may be observed that in 
this case the recommended limit of No. 3 smoke for a 
period of six minutes was never exceeded. Howeve:, 
when coal was added to a comparatively hot fuel bed, 
it was rapidly volatilized and large quantities of smoke 
were evolved for a period of approximately 15 min after 
the coal was fired, as shown by the curve designated as 
the ower range in Fig. 13. Under these conditions the 
smoke given off by the fresh charge of coal exceeded 
the maximum limit of six minutes per hour of No. 3 
Ringelmann density. In general, the amount and duration 
of the smoke produced by the hand-fired furnace were 
largely dependent upon the temperature of the fuel bed 
at and immediately following the time of firing. After 
the gases had been driven off from the fresh charge of 
coal, and the fuel had been coked, the density of smoke 
was ordinarily less than No. 2 Ringelmann. 

In both cases with stoker firing, as shown in the 
lower diagrams in Fig. 13, the density of smoke during 
the on-periods of the stoker was less than No. 1 Ringel- 
mann and could be considered as practically negligible. 
During the period of approximately 30 seconds after 
the stoker was stopped the smoke density increased 
sharply to attain a maximum value of about No. 3 
Ringelmann. It then decreased rapidly during the suc- 
ceeding two minutes. For a few seconds in each hour 
a smoke density of No. 3 Ringelmann was obtained. 
The smoke conditions accompanying the use of the 
stoker-fired furnace with the over-fire damper open could 
However, with 
which 


be considered as entirely satisfactory. 
the over-fire damper closed, the combustion 
occurred during the off-periods of the stoker was accom- 
panied by some evolution of smoke and the formation 
of soot which coated the heating surface. It is probable 
that operation of the furnace for an entire season under 
these conditions would have resulted in some decrease 
in effectiveness of heat transmission and in some diffi- 
culties in maintaining proper draft. Hence, although 
the closing of the over-fire damper resulted in better 
fuel economy, this economy was obtained by a sacrifice 
of clean heating surfaces. Some amount of over-fire air 
Was necessary in order to prevent the accumulation of 
It is probable that the amount of over-fire air 
necessary would to a great extent be dependent upon 
the type of coal and the type of furnace and stoker used. 


soot. 
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Incidental Data 


With the cooperation of the Illinois State Geologi: 
Survey, motion pictures of the fuel bed in the stok 
fired plant were made. Typical photographs showi 
various stages in the combustion process were ma 
from enlargements of the original film and are sho 
in Fig. 14. Figs. 14a and 14b show conditions comm 
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3-37 and 4-37 


furnace. 


to both series of tests. Figs. 14c and 14d refer to cor 
ditions with the over-fire damper open, and Figs. 1+ 
and 14f to those with the over-fire damper closed. Non 
of these photographs shows any evidence of coke-tre: 
Furthermore, no difficulty was experienced 
Fig. 14a represents th 





formations. 
from failure to form clinkers. 
fuel bed immediately after the stoker started, and shows 
active combustion starting in the center. The clarity o! 
details indicates the entire absence of smoke. 
was taken after the combustion had progressed for five 
minutes, and shows active and smokeless combustiot 
occurring over the major part of the fuel bed. Fig. 14 
shows that, immediately after the stopping of the stoke 
and with the over-fire damper open, the combustion 
the fuel bed continued rather actively with air furnished 
through the over-fire damper, and that a slight amount 
of smoke was formed. Fig. 14d taken five minutes after 
the stoker was stopped shows that, with the over-fire ai 
damper open, combustion in the fuel bed continued even 
during the off-period of the stoker. It may also be noted 
that the production of smoke had ceased by this time 
Fig. 14e shows that, immediately after stopping th 
stoker with the over-fire damper closed, combustion 
again continued in the fuel bed. However, in this cas‘ 
the reduction in the amount of over-fire air resulted in 
the formation of a considerable amount of smoke, and t! 
smoke continued for five minutes aft 
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Fig. 14b 








evolution of 
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Fig. 14—Photographs of stoker fuel bed —_ 


ex 
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ited. The ash per pound of coal fired (theoretical ash ) (5) The total time consumed in attending t 
. ~~ . - , , 
; was 7.39 per cent; whereas the actual weight of all the average day was 22 min for the han 

ash and clinkers, together with any unburned combus for the stoker-fired plant 

tibles, removed from the fuel bed was 7.00 per cent by (6) During the period of approximate 0 

weight of the coal fired. A chemical analysis of the ash stoker was stopped, the smoke d 

ind clinkers removed from the furnace indicated that a maximum value of about Ne Ringelmam 


onl rapidly during the succeeding two minutes 


ly a trace of unburned combustibles (less than 0.05 


re : . oe (7) With the over-fire damper clos« 
per cent) remained in the ash. Hence, the difference at 
f () 39 - : . . occurred during the oft-periods of the sto 
7 per cent of the weight of coal fired may be con ' ; 
. ioe ‘ P 5 4 Coat : by some evolution of smoke and by the tormat i nsice 
sidered as an index of the amount of ash, in the form sale idl 
Ais ; ints of soo 
fly ash, that was not removed through the feed door (ay In ctolec-Geed- ferences it ic advisable to 1 
is represents an amount equivalent to 0.39 Ib of fly ble clean-out doors for the removal of any fly ash whi 
per 100 Ib of coal fired, or 7.8 lb per ton of coal accumulate in the gas passages 
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ANNUAL REPORTS 





OF LOCAL CHAPTERS 





Atlanta 


Atlanta Chapter has actively started its 1938-39 season under 
the following officers and committees, who are in charge: 

President—-C, L. Templin 

Vice-President—S. W. Boyd 

Secretary—T. T. Tucker 

Treasurer—C_ B. Cole 

Beard of Gevernors—C. T. Baker, E. W. Klein 

Finance Committee—C. B. Cole, chairman; Leo Sudderth, Jr., 
man; F. W. Clare 

By-Laws Committee—W. J. McKinney, chairman; M. G. Driscoll, vice 
chairman; R. F. Hahn 

Vembership Committee k W 
vice-chairman; M. M. Crout 


Emtertainment and Program Committee—L. L. 


vice-chair 


Klein, chairman: C. E. Brockinton, 
Hamilton, chairman; F 
L. Laseter, vice-chairman; R. E. Nolan 

Cedes Committee—-W. P. Sherman, chairman; S. W. Boyd, vice-chair 
man; C. T. Baker. 

Publicity Committec G. Hu 
chairman; R,. D. Kelley. 


Brodnax, Jr., chairman; L. F. Kent, vice 
The Chapter numbers 28 on its membership roll and during 
the past 12 months ten business meetings and two social gather- 
ings were held. 
October 12, 1937. 
the A. S. H. V. E., gave an illustrated talk on the Various Uses 
of Different Means for Heating Buildings. Preceding the talk, 
a dinner was given in honor of President Boyden, who later 


D. S. Boyden, Boston, Mass., president of 


presented the Chapter with its charter. Guests included faculty 

members, as well as part of the student body, from Georgia 

School of Technology. 
November 3, 1937. 


it was decided to consider papers by local members for pre- 


This was a regular business meeting and 


sentation at future meetings. 

January 11, 1938. W. A. Evans, Aerofin Corp., Atlanta, gave 
an interesting paper on Unit Heaters and Coolers. 

February 8, 1933. Reports from Pres. E. W. Klein and L. F. 
Kent concerning the Society’s Annual Meeting in New York 
were presented. 

March 1, 1938 M. G. Driscoll, Bryant Heater Co., Atlanta, 
gave an interesting paper on the Properties and Uses of Silica 
Gel. 

April 8, 1938. 
Div., Dayton, O., addressed the Chapter on Reducing the Cost 
of Air Conditioning. Mr. Buenger was chairman of the 1938 
Guide Publication Committee of the A. S. H. V. E. 

April 23, 1938. Prof. F. E. 
of the Society, College Station, Tex., gave an instructive paper 
on the Influence of Building Construction on Air Conditioning. 

May 4, 1938. This meeting was taken up with the election 
and installation of new officers. 

June 15, 1938. A _ social meeting was held at East Lake, 
jointly with the A. /. E. E. and A. S. M. E. local groups, and 
the program included golf and dancing. 


Albert Buenger, Delco-Frigidaire Conditioning 


Giesecke, second vice-president 


742 


July 16, 1938. This was the Chapter’s athletic meeting 
near a small lake on the outskirts of Atlanta. 


Northern Ohio 


In the annual report of the Northern Ohio Chapter, Pr 
C. A. McKeeman calls attention to the successful 1937-38 sea 
as evidenced by attendance records and interest shown in 


Chapter look 


topics discussed at the various meetings. The 
forward to another active season under the leadership of | 
following officers and committees 

President—John Paul Jones 

Vice-President—D. I laze 

Secretary—C,. M. H. Kaercher 

Treasurer—kE. W. Gray. 

Philip Cohen H. k W etzell, Cc A McKee 
Vembership Committee—D. | laze, chairman; W R. Moore, R 
Southmayd, L. S. Ries, E. W. Gray, L. F 
Auditing Committee—C. A. McKeeman, chairman; A. L. Vander! 


Board of Governors 


Slawson 


Meetings and Entertainment Comnuittee—H. P. Rankine, chairmar 
B. Kofoed, F. A. Kitchen 

Program Committee—Paul Gayman, chairman M M. Rowe P 
Cohen 


Standards Committee—J. A. Schurman, Jr., chairman: H. E. Wet 
J. E. Wilhelm 

Publication Committee—C. |} 
K. Wright 

Legislation Committes W. R. Beach, chairman: W. R. Rhotor 


Eveleth, chairman: Walter Bage 


A synopsis of meetings held during the year is given 
October 18, 1937. Subject: Lithium Chloride as a Dehun 
fying Machine. Speaker: F. M. Attendance: 6 
November 8, 1937. Subject: Corrosion—Its Causes and | 
trol. Speaker: Ralph Baker. 
December 13, 1937. Subject: Invading the Kingdom of D 
Speaker: H. W. Tenney. Attendance: 89. 
Subject: The Effect of Air Conditioni 
Prof. C.-! 


Johnson. 


Attendance: 88. 


January 12, 1938. 
on Comfort, Health and Disease. 
Winslow. Attendance: 92. 

March 14, 1938. Subject: Application of Motors and M 
Controls to Air Conditioning Speakers: K 
Mobarry and M. H. Russell. Attendance: 83. 

April 5, 1938. Subject: Speaker: D 
Purinton. Attendance: 60. 

May 9, 1938. Subject: Demonstration of Latest Instruments 
Used in Air Conditioning. Speakers: Prof. G. L. Tuve 
L. J. Seigel. Attendance: 107. 

The practice of holding a dinner and business meeting 


Speaker 


Equipment. 


Radiant Heating. 


ceding the presentation of the speaker has been continued 
addition a complete air conditioning problem was worked 
by a committee and presented to the Chapter step by ste; 
each meeting. This innovation was well received. 

[It is reported that the Chapter has 39 members with n 
others interested in Chapter activities and it is expected 
the number of members will be greatly augmented during 
coming year. 
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Wi-consin 
e Wisconsin Chapter reports a total membership of 65 
activities will be in charge of the following Officers and 


T 


am 
Committees during the 1938-39 season: 
sident—Prof. D. W. Nelson 
e-President—H. C. Frentzel 
Secretary——T. M. Hughey. 
asurer—A. S. Krenz 
wd of Governors—J. H. Volk, E. A. Jones and J. S. Jung 


Program Committce—Ernest Szekely, Chairman; W. A. Ouweneel, and 


F. W Goldsmith. 
mbership Committee 1. H. Volk. Chairman: ( A. Hays, and I. J 


Haus 
Publicity Committee—H. W. Schreiber, Chairman; L. W. Hessler, and 


H. C. Frentzel 

Vice-Pres. H. C. Frentzel has prepared the annual report 
and meetings held during the 1937-38 season are summarized 

Vovember 15, 1937. Dinner and meeting held at City Club 
Speaker—John Novotny, chief engineer, University of Wiscon 
sin Power Plant. Subject—Description of the central heat- 
ing power house and the distribution system employed to heat 
all buildings on the Madison campus. Attendance—60 

December 20, 1937. Speaker—Prof. G. L. Larson, chairman, 
Department of Mechanical Engineering, University of Wis 
consin. Subject—Movie of a canoe and fishing trip made in 
northern Ontario, Canada, during the previous summer. Tech 
nical session was an open forum in which everyone discussed 
general questions that came up during the year Attendance—42 
January 17, 1938. Dinner and meeting held at City Club 
Speaker—L. V. Teesdale, senior engineer, Forest Products 
Laboratory, Madison, Wis. Subject—Condensation in Building 
Walls. Attendance—90. 

February 21, 1938, Dinner and meeting at City Club. Speaker 
—F. R. Bichowsky, consulting engineer, Dow Chemical Co 
Subject—Comfort and Industria! Air Conditioning with Lithium 
Chloride. Attendance—65. 

March 21, 1938. Dinner and meeting at City Club. Speaker 

Dr. Lloyd Arnold, professor of bacteriology and public health, 
College of Medicine, University of Illinois. Subject—Influence 
of Air Conditioning Upon Public Health; Physiological Effects 
of Controlled Indoor Atmospheres and How People React to 
Changes in Their Air Environment. Attendance—48 

April 18, 1938. Dinner and meeting at City Club. Speaker 
Prof. M. K. Fahnestock, University of Illinois. Subject 
\ir Conditioning Studies in the Research Residence constructed 
as a working laboratory for all phases of home cooling with 
special reference to producing comfortable conditions in summer 
at a low initial and operating cost. Attendance—45. 

Vay 10, 1938. Dinner and Meeting at City Club. Following 
dinner members and guests were shown colored movies by 
Prof. G. L. Larson of his trip to the various Chapters when 
he was president of the Society. Speaker—E. Holt Gurney, 
Toronto, Canada, president of the A. S. H. V. E. Mr. Gurney 
told of his experiences in South Africa, describing the gold 
mine activities and benefits derived by air conditioning the 


mines. Attendance—-61. 
Pittsburgh 


\ complete report of activities of the Pittsburgh Chapter has 
been prepared by Secy. T. F. Rockwell and the following are 
the officers and committees who will serve for the 1938-39 
season 


President—J. F. S. Collins, J1 

ice-President—R. A. Miller 

retary—T. F. Rockwell 

reasurer—L. S. Machling 

ard of Governors—M. I Carr, Chairman; E. H. Riesmeyer, IJr., 
und E. C. Smyers 

gram Committee—E. C. Smyers, Chairman; H. A. Biber, R. H 
Heilman, R. A. Miller, H. L. Moore, and John Proie 

tal Committce—R. J. J. Tennant, Chairman; H. A. Canon, J. | 
Mclean, RK. B. Stanger, and G. G. Waters 
. udent Committee—T. F. Rockwell, Chairman; F. C. Houghten, and 
Bb. D. Landes 
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Membership Committee P. A. Edwards, Cl mat Hi. } Park, | H 


Riesmeyer, jr W. W. Stevensor und W. T. Van Ake 
Publicity Committe: D. W. Loucks, Chairmar M. H. I \ 
Marshall, Leighton Orr . ( W._ Strachar 
Current Events P ( Stra I Chairn | M 
Griest, and | H. Hecht 
National Activities M. Humphreys, ( rmar ! 
i Mec! h, ar 2 W 
Kesearch Committe: ( MelIntos { ' : M 
Kdwards, F. (¢ Houghter lr. F. Rockwe ul Fr. N.S 
Meetings were held from September through June and a 


summarized in the following report 

September 13, 1937. Forced Circulation Hot Water Heati: 
R,. E. Moore, vice-president, Bell and Gossett (| \tt 
ance 17. 

October 11, 1937 Forced Circulation Warn \ir Heatn 
F. A. Kitchen, president, American Warming ' Ventil 


Co. Attendance—35 


November 8, 1937 Automatic Residence Heati t bit 
nous Coal, R. A. Sherman, fuel engineer, Battelle Memorial | 
stitute Attendance 57 

December 13, 1937 Annual Dinner and ek 


A ttendance—40 


January 10, 1938. What Constitutes a Draft Abstract of a 
research laboratory paper, by F. ¢ Houghtet Heat Tr 
Through Single and Double Glazing. abstracted | Leight Orr 
Attendance 

February 14, 1938 District Heating, T. E. Purcel up 
tendent, Allegheny County Steam Heating ( \ttendar 


54 
Varch 14, 1938. Human Factors in Air Conditioning, P1 
B. M. Woods, University of California \ttendar 


Ipril 11, 1938 Electrostatic Dust Precipitators. G. W i 


A 

ney, research engineer, Westinghouse [Electric & Manufa 
Lo Attendance—65 

Vay 16, 1938 Code of Cast Iron Heating Boiler | 
McIntire, 1st vice-president, A.S.H.V.] Attendance—54 

June 13, 1938. Golf, Dinner, Dance, South Hills ¢ 
Club. Attendance—70 

On September 1, 1938, the roll of membershiy the Pitt 
burgh Chapter numbered 65 
Philadelphia 

The annual report of the Philadelphia Cl ipter was pre] aired | 


Secy. H. H. Mather and at the present time there are 142 men 


bers on the chapter rolls 


The activities for the 1938-39 seasor ire mder the lirecti 
ot the following officers and committees 

President H. H. Ericksor 

j President—RK. |} Hunger 


Secretar H. H. Mather 
reasurer ( B. East 


Board f ‘ rnors—Edwit t \\ \ B 
Hiynes 

Meetings Committtes kk | llunger ( ! I \ ) 1’ 
Davidson, L. E. Moody, and ¢ S. Le 

Membe sap © ommuitte Edw I ( : if i I 
Dever M. G. Kers A | I M j | } ( I M S 
ler I \ Tucker : ( W Wt r 

Legis e¢ Commit a Bla { W I 
( S. Le pold 

hinance Committee ( | Fas ! ( " : HW. G I r 
Bolsinger, I P. Hynes, and W I Smi 

Year Book Committe I i. J Cl r. S. A I 


Buck, A. Caldwell, H. } Dever a 3 Kriehe Stanle i 


Karl Rugar 


Special Advisor Committe | Pr. Hymne r 7T. _ ! | i \ 
ind F. D. Mensing 

inner C omomett ce \ H MacDade { ‘ it iH ( 
( I Dietz 

Golf Committe W P. Culbert. Chairmar ' R ¢ 

\ summary of meetings held during the 1937-38 seasor 
cluded 


October 14, 1937. Engineers Club. Speaker—Col. D. S. B 
den, president of the A. S. H. V. E., delivered a paper accompa 
nied by slides on the Problem of Central Station Steam Distri 


bution as Applied to the City of Boston 











Journal 


November 11, 1937. Engineers Club. Speaker—Prof. C. P. 
Yaglou of the School of Public Health, Harvard University, 
spoke on The Effect of Air Conditions on Comfort, Health and 
Disease. His talk was illustrated with slides and pictures. 

December 9, 1937. Engineers Club. Speakers—A. J. Johnson, 
director of the Anthracite Laboratories, Primos, Pa., delivered 
a talk on Coal; T. H. Smoot, chief engineer of the Anchor Fence 
Co., Baltimore, Md., spoke on Oil; and F. R. Trembly, Jr., 
Philadelphia Gas Works Co., discussed Gas. 

January 13, 1938. Bookbinder’s Restaurant. 
with professional entertainers. 

February 10, 1938. Engineers Club. Motion picture accompa- 
nied by sound on the subject of Heat and Its Control, presented 
by Johns-Manville Co. Speakers—N. A. Humphrey and L. C. 
Leslie on Selection of the Economic Thickness of Insulation. 

March 10, 1938. Edward Bok Vocational School, Philadelphia. 
Inspection of this vocational school, particularly the mechanical 
equipment. 

April 14, 1938. Engineers Club. Election of officers at an- 
nual meeting. Speaker—Thomas Urdahl, consulting engineer, 
Washington, D. C., on Air Distribution Problems in Air Condi- 
tioning. 

May 11, 1938. Whitemarsh Valley Country Club—Annual Golf 
outing. 


Social meeting 


Southern California 


The Southern California Chapter of the American Society of 
Heating and Ventilating Engineers reports a most successful 
year. The membership at the close of the year was 46 members. 

For the season of 1938-39 the following officers have been 
selected to carry on the administrative work: 

President—H. M. Hendrickson 

Vice-President—]. F. Park 

Secretary—A. J. Hess 

Treasurer—W. D. Fabling 

Board of Governors—E. L. Cawby, H. H. Douglas, E. H. Kendall, and 
R. E. Phillips. 

The summary of the meetings held in 1937-38 is as follows: 

September 1937. Dr. C. A. Mills, Professor of Experimental 
Medicine, University of Cincinnati, gave a talk on the Weather 
and Its Effect on the Human Being. In his talk he reported on 
his research activities using radiant surfaces for heating and 
cooling. Attendance—125. 

October 1937. A. J. Hess, engineer with English & Lauer, 
made a talk on the subject of Modern Trends in Air Condition- 
ing, followed by an active discussion by the members who were 
present. Attendance—35. 

November 1937. Prof. L. M. K. Boelter, of the University 
of California, made a talk on The Fundamentals of Cooling 
Tower Design. Attendance—55. 

December 1937. Prof. E. F. Dawson, of the University of 
Oklahoma, talked on the subject of Refrigeration and Air Con- 
ditioning. Attendance—65. 

January 1938. Herman Seid, of the Auditorium Condition- 
ing Corporation, gave a talk on the subject of Patented Sys- 
tems and Refrigeration and Air Conditioning Ordinances. At- 
tendance—80. 

February 1938. F. G. Baender, of the Thermo Air Condition- 
ing Institute, gave a talk on some Technical Aspects of Refrig- 
eration, and a short discussion and demonstration of an evapora- 
tor. Attendance—65. 

March 1938. Pres. E. Holt Gurney, of the American Society 
of Heating and Ventilating Engineers, delivered a very inter- 
esting talk on the General Status of the Society, and some 
interesting opinions on the General Aspects of the Air Condition- 
ing Industry. Attendance—52. 

April 1938. Verling Kersey, superintendent of Schools of the 
City of Los Angeles, gave a talk on The Development of a 
Technological Education. Attendance—50. 

May 1938. Prof. B. F. Raber, of the University of California, 
gave a discussion on Fan Characteristics Useful in Air Condi- 


tioning, followed by R. C. Martinelli, of the Universit 
California, who gave a demonstration of visual demonstratio 
fan acoustics by means of the Cathode Ray Osfilograph. 
tendance—82. 

June 1938. The meeting was held at the Helms Bake: 
Culver City near Los Angeles, where O. W. Ott, cor 
ing engineer, delivered a paper entitled Package Air Condi 
ing. This was followed by a most interesting trip throug! 
bakery, which is the largest air conditioned bakery in the 

The year was quite successful in that the meetings wer 
great interest and of extreme educational value to all of 1 
who attended. 

It is of further interest that the local Chapter of the 4 
ican Society of Refrigerating Engineers joined in severa 
the year’s meetings. 

The successful year just passed can be attributed to the « 
of the outgoing officers consisting of : 

President E. H. Kendall; Vice-President H. M. Hendrick 
Secretary J. F. Park; and Treasurer A. W. Cooper. 


Western New York 


The report of the Western New York Chapter of the So 
was filed by Secy. W. R. Heath, and at the present time thers 
78 members on the chapter rolls. 

The following officers and Board of Governors were elected a 
the May meeting for the 1938-39 season: 

President—-J. J. Landers 

First Vice-President—L. P. Saunders 

Second Vice-President——C. A. Gifford 

Secretary—W. R. Heath 

Treasurer—H. C. Schafer 

Board of Governors—M. C. Beman, B. C. 
well Farnham, and D. J. Mahoney 


Candee, Joseph Davis 
The chairman of the Membership Committee is L. P. Saw 
ders, and the chairman of the Program Committee is C. A. Gi 
ford. 

The following is a report of the activities of the Western N: 
York Chapter for the 1937-38 season: 

September 16, 1937. Golf meet at the South Shore Count: 
Club, followed by dinner at the Au Revoir Restaurant. Atter 
ance—35. 

October 11, 1937. Dinner meeting at University Club. Speak 
—L. A. Harding; Subject—The Sun. Attendance—55. 

November 8, 1937. Dinner meeting at 
Speaker—R. E. Hattis; Subject—Heating and Air Conditioni: 
of a Windowless Building. Attendance—42. 

December 20, 1937. Social meeting at University Club 
tendance—50. 

January 11, 1938. Dinner meeting at University Club. Speak 
—Dr. C.-E. A. Winslow; Subject—The Physiological Reactions 
and Sensations of Pleasantness under Varying Atmospheric ( 
ditions. Guest—Dr. Fronezak, Health Commissioner of Buffal 
Attendance—44. 

February 8, 1938. Dinner meeting at University Club. Speak 
—Prof. Philip Drinker; Subject—Atmospheric Pollution a: 
Dust Control. Guest—Theodore Hatch, Dust Control Engineer 
of the Dept. of Labor, State of New York. Attendance—30 

March 14, 1938. Dinner meeting at Iroquois Gas Co. Speaker 
—W. B. Garrison, Jr.; Subject—Highlights in Connection wit 
Supplying Gas for the New York World’s Fair. Attendarn 
—88, 

April 25, 1938. Dinner meeting at University Club. A. S. H 
V. E. officers and Council members were guests. Speakers 
Pres. E, H. Gurney, on Air Conditioning Brings Human Prob 
lems to the Engineer; Vice-Pres. J. F. McIntire, on The Engi 
neer; Treas. A. J. Offner; F. E. Giesecke, W. L. Fleisher, A. P 
Kratz, C. W. Farrar, and Secy. A .V. Hutchinson. Attendanc 
80. 

May 9, 1938. Annual meeting and election of officers at 
University Club. Attendance—51. 


University Ch 


+he 
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A Study of the Heat Requirements 
of a Single-Glazed Test House 


4 | and a Double-Glazed Test House 


By M. L. Carr,* R. A. Miller,** Leighton Orr.*** and David Shore.t (MEMBERS) 



































HIS paper reports the results of a study of the relativ Glass area to total heat transfer ar 
heat requirements necessary to mamtain a temperature of Glass area to total side wall area 4 [x 
: 70 F in each of two similarly constructed test houses, one Glass area to floor area 
having single- and the other double-glased windows. The inves- 
tigation was planned and carried out by the Pittsburgh Plat Heating Equipment 
? Glass Co. with the aid and counsel of Pittsburgh Testing Labora 
> tory during the period January 18 to April 22, 1933. The data Kach house was provided with a five-kilowatt elect 
~ were received for analysis in 1937 and were prepared for publ unit heater as shown at the t p of Fig. 3 he heating 
; cation by the A. S. H. I’. E. Technical Advisory Committe element of each unit was divided into two parts of thre 
4 : Air Conditioning Requirements of Glass, consisting of the follor and two kilowatts. each of these having ndependent 
Pe: ing members: M. L. ( ~ pk pawrenan, me A. Mimner, Vicon hair. thermostatic control. The fan of each unit ran continu 
5 man, F. L. Bishop, A. N. Finn, S. O. Hall, E. H. Hobbie, F. ' 
: Parkinson, Harold Perrine, W’. C. Randall, L. T. Sherwood, J.T,  °¥SIY, while the heating elements operated intermittently 
Staples, C. Tosker, G. B. Watkins and F. C. Weinert as the occasion demanded, being thermostatically « 
trolled to hold the room at 70 F Che thermostats were 
Test Houses and Apparatus located 42 in. above the floor in the center of the 1 
and were protected from the sun’s rays by a metal 
wu The test houses were erected on the top of a three shield. The position of each unit was adjusted to lve 
story laboratory building at Creighton, Pa. The houses substantially the same rate of air movement over eac! 
with relation to their surroundings are shown in Fig. 1. window. The average velocity of the air over the innet 
The exterior appearance of one of the houses is shown faces of the lights was between 1.5 and 2 mph, as meas 
in Fig. 2, while Fig. 3 shows the interior of one of the ured by a Kata thermometer 
houses. 
The interior dimensions of each house were: length Procedure 
and width, each 10 ft, 4'4 in.; height, 8 ft, 6 in. The : a tell a « 
walls of the houses extended up from the roof of the _ No attempt was made to build the | ae en 
building to which they were anchored, the floor of each tight to avoid infiltration, but the ee ee 
: test house being 2 ft above the roof and level with the equal mn this respect as possible, and means were pr 
e . vided for checking this condition at intervals during th 


top of the building parapet walls. The houses were 


, : rs The od usec as to apn] suction to u“ 
frame structures, sheathed and stuccoed on the outside, test. I'he method used was to apply a su " = 


3 ‘ ; se and equa » the ; ) ts of air drawn from cl 
with 1 in. insulating board and gypsum plaster on the house and equalize the amount ere _ 


. -~¢ . - . . sealing “racks This s don t tl eo mMnine 
inside. One-fifth pitch gable roofs with cypress shingles by sealing crack Chis was done at th a 


facts ‘ . » test ; , en ntes s thereafter 
laid on building paper were used in the construction. the test and at monthly intervals therea 


Each house contained seven double-hung windows, 
each window containing two 26-in. by 30-in. lights of 
double-strength glass, and one wooden entrance door. The 
southwest, northwest, and northeast walls each contained 

er two windows, while the southeast wall contained one 
window and the door. The spacing of the lights in the 
double-glazed windows was 3 in., and venting of the 
air between the space and the outside was provided. The 
vents were closed during these tests. The floor of each 
house was painted gray, while the walls and ceiling were 
painted white. 

The percentage of glass area to other areas for the 
two houses were as follows: 


“Director, Pittsburgh Testing Laboratory, Pittsburgh, Pa 

**Technical Sales Engr., Pittsburgh Plate Glass Co., Pittsburgh, Pa 
***Research Engr., Pittsburgh Plate Glass Co., Creighton, Pa 

tJunior Research Engr., A.S H.V.E. Research Laboratory, Pittsburgh, 





Fig. 1—Test houses on top of three-story laboratory building 
with relation to their surroundings 


For presentation at the 45th Annual Meeting of the American Socrery 
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Fig. 2—Exterior of single-glazed test house. Double-glazed house 
identical 


The electrical energy required to heat each house was 
measured with a recording watthour meter, which was 
read daily at 11:30 a. m. The time during which the 
two-kilowatt and the three-kilowatt elements in the units 
of each house were in operation was registered by re- 
cording wattmeters. 

The temperature of each test house at a point near the 
thermostat and four feet above the floor was recorded. 
The average difference in temperature between the air 
at the center of the room and the inside surface of the 
window lights of each house was given by the thermo- 
couples attached to the center of one of the lower window 
These four thermo- 
with their cold junc- 
The ther- 


lights on each side of the house. 
couples were connected in series, 
tions in a reservoir at the center of the room. 
mocouple junctions were held against the glass surfaces 
with small drops of specially prepared cement. 

Outdoor temperatures were recorded with a resistance 
thermometer, sheltered from the sun by a wooden hous- 
ing, open only on the northeast side. 

The wind velocity was measured midway between the 
test houses with a rotating cup anemometer coupled to 
an electric circuit and to a demand meter, utilized to 
record the number of revolutions of the cups in contin 
uous five-minute periods. The 
with a rotating vane portable anemometer. 


device was calibrated 


Sunshine intensity was recorded by means of a pho- 
tronic cell connected to a recording millivoltmeter. The 
cell was attached to a disc driven by an electric motor, 
The 
cell and motor were mounted outdoors under a protect- 
ing glass cover with the face of the cell normal to the 


which caused it to follow the sun across the sky. 


sun’s rays at noon. Provision was made for adjusting 
the inclination of the cell from time to time as the sun 


became higher in the sky with the advance of the seasons. 
Test Results 


The data obtained during the continuous 95-day test 
period were summarized by determining the average for 
each 24-hour period, beginning at 11:30 a. m., of the 
folle wing : 

(1) The daily average outdoor temperature was obtained by 
determining the average temperature for each hour from the 


7416 


recorded temperature chart, and averaging these 24 hourly av: 
ages. 

(2) The temperature at the center of each house was tak 
from the recorder charts and did not vary much, being thern 
statically controlled, except when the solar heat was more tl 
sufficient to carry the heating loads. 

(3) The daily average temperature of the inside glass surfa 
for each house was computed, using a conversion from the mil 
volt recorder charts. 

(4) The daily average wind velocity was obtained by dividi 
the total number of anemometer cup revolutions by the conversi 
factor. 

(5) The sun intensity was determined from the area un 
the curve of the sunshine recorder by a planimeter, using 
intensity at night as a base line. A square inch of suns! 
area was arbitrarily taken as one unit of sunshine, and is 
used in this report. 


It should be emphasized that these values afford on 
a means of comparing one day with another with 
spect to sunshine, and do not give absolute values 
solar radiation impinging on the various surfaces of t! 
test houses. 

A log of the daily average room temperatures, averag 
inside glass surface temperatures, weather conditions a1 


average daily electrical heat requirements of the test 


Also 1! 


houses for the test period is plotted in Fig. 4. 


cluded in this plot are the calculated heat requirements 
of the two houses based on the accepted transmittances 
and film conductance coefficients of the materials used 


and infiltration losses, assuming no solar heat input. T! 
ratio of the electrical heat supplied to the houses als 
appears in this Figure. The average daily electrical in 
put in Btu per hour is plotted against temperature diffe: 
ence between the inside and the outside in Fig. 5. TI 
relationships between the average daily electrical hy 
supply in Btu per hour per degree Fahrenheit and t! 


mean temperature, the wind velocity in miles per how 


and the sun intensity in units are plotted in Figs. 6, 7 at 
8, respectively. 
The relation- 
ship between the 
total daily heat 
supply in Btu 
per hour per de- 
gree Fahrenheit 
(electrical heat 
plus estimated 
solar heat) and 
the wind velocity 
per 


S 


in miles 
hour is shown in 
Fig. 9. 

The relation- 
ships of the ra- 
tios of the elec- 
trical heats sup- 
plied to the 
houses to the 





temperature dif- 
ference bet ween 
out- 
side, the wind 
velocity and the 
sun intensity, are 
given in Fig. 10. 


inside and 





Interior of 
Interior of 
house identical 


Fig. 3 
house. 
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Discussion of Results 


\n examination of Fig. 4 will serve to substantiate the 
following generalities : 

1) The test houses were maintained at substantially 70 F 
at the center of each house except for a few times when this 
temperature was exceeded due to sun effect. 

(2) The 24-hour average outdoor temperatures varied from 
7 F to 65 F during the test period. The actual temperature 
extremes were 0 F and 82 F. 

(3) The 24-hour average wind velocities varied from 1.5 
mph to 14 mph. The extreme velocities were 0 mph and 32 mph. 

(4) The average temperature of the inner surface of the 
glass in the single-glazed house remained about half-way between 
the inside and the outside temperatures, with little or no sunshine 
and wind, while the temperature of the inner surface of the 
inside lights of the double-glazed house was about one-quarter 
of the way between the inside and outside temperatures under 
the same conditions, being closer to room temperature. 


Comparison of Measured and Calculated Heat 
Requirements 


The daily variation of the measured electrical heat in 
put in Btu per hour for both houses is shown in Fig. 4, 
together with the calculated heat requirements of the two 
houses based on the prevailing outside temperature and 
wind velocity and the accepted heat transfer constants 
taken from the A.S.H.V.E. HEeatinc, VENTILATING, 
Arr CONDITIONING GUIDE, no allowances being made for 
the sun effect. The effect of infiltration is also included 
in this calculation. The calculated curve is higher in 
most cases than the measured curve, as is to be expected, 
since the inclusion of solar heat in the calculated curve 











would lower its value. It should be noted that the dif 
ferences between the two curves, generally speaking. are 


greater on days of more intense solar radiatior 


Variation of Heating Requirements with Weather 
Conditions 


The variation of the average daily electrical input 
Btu per hour with temperature ditterence between thi 
inside and outside for both houses is shown in Fig. 5 
lack of sufficient points in the low temperature cditterence 
range makes it rather difficult to predict this part of the 
curve. The two curves do not intersect the temperature 
difference axis at zero, indicating that sufficient amounts 
of heat were stored in the houses to keep them a 
when certain outdoor temperatures less than 70 F wer 
attained. The curve for the single-glazed house intersects 
the temperature difference axis at about 2.5 F, while the 
one for the double-glazed house intersects it 
5.5 F. This indicates that for these respective tem 
perature differences no artificial heat was required 
maintain the predetermined control temperature of 70 
The fact that no heat was required for the double-glazed 
house at a temperature of about 64.5 F 


as COMpDArCE 


about 67.5 F for the single-glazed house indicates that 
] “~¢ 


the double-glazed house retained heat more effective 
than did the single-glazed hous« 
The variation of electrical heat supplied to the hous« 


in Btu per hour per degree Fahrenheit with mean tet 
perature is shown in Fig. 6. For both the single- an 
double-glazed houses there was an apparent increase in 
l‘ahrenheit 


degre 


the number of Btu per hour pet 
| | 
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Fig. 4—Log of test data 
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ature and electrical input in Btu per 
hour per degree Fahcenheit for single- 
and double-glazed houses. Approximate 
outdoor temperature based on an as- 
sumed indoor temperature of 70 F 


Fahrenheit. 


required with decreasing mean temperature, and there- 
fore also with an increasing temperature difference be- 
tween the inside and the outside. This is contrary to the 
accepted fact that the heat transfer through any material 
per degree temperature difference increases with increas- 
ing mean temperature. It is also contrary to the gen- 
erally accepted belief based on a number of surveys that 
the heating requirements of a building per degree tem- 
perature difference between the inside and outside de- 
creases with increasing temperature difference, or in 
other words that the efficiency of heat utilization in- 
creases with the heat demand. A possible explanation, at 
least for a part of this difference, is that in these tests 
there was a continuous thermostatically controlled elec- 
trical heat supply which operated only when the occasion 
demanded it. Thus, all of the heat supplied by the elec- 
trical heater was necessary to maintain the controlled 


748 


electrical input in Btu per hour per degree 
No allowance for wind velocity 


glazed houses indicate a definite 


increase in heat demand wit 
increasing wind velocity. T' 
calculated curves for the tw 
houses are also shown, based o1 
the assumed transmittance and surface conductance 
coefficients for the building materials used in t! 


constructions, and coefficients of 0.88 to 1.42 and 0.51 
0.66 for the single- and double-glazed windows, respe: 
tively, the variation being caused by a 0-15 mph range 11 
wind velocity. These curves include heat input necessar) 
due to infiltration losses. The scattering of points awa) 
from the calculated curve results from neglect of the 
solar radiation effect. Thus, the sunnier the day, th 
farther the heat input points are from the calculated 
curve. The points follow the general directional trend 
the calculated curve for velocities up to about 
miles per hour. For higher values of velocity, the points 
indicate a decreasing effect of velocity. This bears out 
earlier A.S.H.V.E. Laboratory studies,’ which indicat 
*Wind Velocities Near a Building and Their Effect on Heat Loss, 


C. Houghten, J. L. Blackshaw and Carl Gutberlet. (A.S.H.V.E. 
actions, Vol. 40, 1934, p. 387.) 
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that the effect of wind velocity in increasing heat require- 
ments of buildings may be over-emphasized in present 
calculation methods. The X-points are for days when 
there was little or no sunshine. For the single-glazed 
house these X-points conform quite well to the calcu 
lated curve; however, for the double-glazed house, with 
one exception, they lie above the calculated curve. This 
would indicate that the value of 0.51 to 0.66 used for the 
transmission coefficient in the double-glazed case may be 
too low. 

The relationship between the electrical heat supplied 
in Btu per hour per degree Fahrenheit and sun intensity 
in units is given in Fig. 8. For both the single- and 
double-glazed houses there was a definite decrease in the 
amount of electrical heat required with increasing sun 
intensity. The scattering of the points was due, in part, 
to the wind velocity effect of which no account was taken 
in this plot. 
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Fig. 9—Relation between wind velocity in 
miles per hour and total heat input (elec- 
trical + solar heat) in Btu per hour per 
degree Fahrenheit for single- and double- 
glazed houses. Curves giving calculated 
requirements based on prevailing tem- 
perature difference and wind velocity and 
Guwe transmission coefficients. X points 
represent electrical input on days with 
little or no sunshine 





; 
; 
; 
; 





) +--_y—+- + + —4+—+ 
| <q ~ Sie . . “ 
-SCREP Renee 
eet 7 ° - 
? Pe rif yt A tee Sole 
| . 
| 
so} +——+ +44, 
10 20 30 40 $0 60 70 
TEMPERATURE DIFFERENCE—F 
60 so ° ° 2 ' ° 


4 3 
APPROX OUTDOOR TEMP 





T 





90}—+ ROR Re 
. »*e 
80}— * =a —+— + . - + 
bal VEST Ta Rez 
70}—+—_4+}—_}—_ +2 _ 4+ _ + -"4_ 9-20 + 2 + 
; . 
60}—+ 2 OO a ee ee ee ee 
=. . 4. 
i a = ue waists 


8 @ 7 8 8 
WIND VE LOCITY—~MPH 





RATIO OF HEATS SUPPLIEO— DOUBLE OVER SINGLE GLAZEO 
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Fig. 10—Relation between temperature dif- 


ference, wind velocity and sun intensity and 
the ratio of the heats supplied to the houses 
(double- over single-glazed) 
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An attempt was made to combine the wind velocit 
and sun intensity effects by adding to the measured he 
supply an amount of heat proportional to the sun intens 


ity for any test day. This procedure should tet 
eliminate the sun effect for any given day, and thus 
the value of heat required under a condition of 


radiation. The result of this attempt is shown 


Jt 
Jt 


in which the measured electrical input plus 1.55 times the 
solar intensity for the single-glazed house and 1.10 tim 
the solar intensity for the double-glazed house is plotte 
against the wind velocity. The solar intensity) tipliers 
represent the negative of the slopes of 
drawn through the points of Fig. 8 On this basis the 
points plot better, tending to arrang: themselves about 
the calculated curves for the single- and double-glaz 
These 


which appear in Fig. 7, 


houses. calculate d curves are the same as tl s 
while the X-points again indicate 
days when there was either little or no sunshine 


The variation in the ratio of the heat 


double- and single-glazed houses with temperature 
ference between the inside and outside. the wind velox 
and the sun intensity is shown in Fig. 10. Heat . 


either building should be proportional to the temperatur: 
difference multiplied by the integrated transmittance 
17 : } 
«cll i 


efficients for the ceiling, the floor and the w 


the windows. Since such integrated coefficients must 


vary with single and double glazing, the ratio betwee 
the heat losses by conduction through the structure should 
be constant for any temperature difference, and, ther 
fore, other factors b« ing equal, the ratio between t 
requirements of the double- and single-glazed houses 
insofar as it is affected by trans 


[his, 
10 (top plot), whic! 


should be constant, 
mittance through the walls. however, is not shown 
to be the case in Fig 
higher ratio for lower temperature differences. This vari 
ation may be due to the effect of wind and sun intensity 
There is an apparent greater dispersion of the points 
upwards for low temperature differences, with a constant 
value of approximately 0.70 for the lower limit. It may 
be that this lower ratio of 0.70 is indicative of the trans 
mittance effect, and the upward dispersion of the points 
the effect of wind velocity and sun intensity 

Wind velocity should have two efttects on the ratio 
between the heat required for the double- and singk 
glazed houses. Other things being equal, infiltration into 
the two houses should be independent of single or doubl 
glazing, and, in fact, in the two houses under considera 


tion an attempt was made to make infiltration equal 
Hence, an equal increase in heat loss by infiltration for 
both houses independent of glazing should tend to in 
crease the ratio with increased wind velocity. Increass 
in wind velocity also increases transmission through win 
dows by increasing the outside film conductance coefi 
cient. Since the outside film conductance coefficient for 
the double-glazed window is a smaller proportion of the 
combined effect for the entire window than in the sing 


glazed case, the increased wind velocity is accompanied 


by lesser increase in transmission through the double 
glazed than through the single-glazed window his 
effect should decrease the ratio with increasing wind 
velocity. Evidently the latter effect was greater than 


the former since the ratio decreases with increasing wind 
velocity as shown by the points of Fig. 10 (middle plot 


The effect of sun radiation should be the same in re 








ducing the heat requirements for the two houses, insofar 
as all forms of construction other than the glass are con- 
cerned. Either single or double glazing has a relatively 
small effect in intercepting solar radiation through the 
windows. From the best data available,? each thickness 
of glass may be expected to intercept approximately 10 
per cent of solar radiation. This means that approxi- 
mately 90 per cent of the solar radiation incident against 
a window should pass through the single glazing, and 
81 per cent through double glazing. Hence, it would be 
expected that the effect of sun radiation should be to 
increase slightly the ratio of the heats supplied. On the 
other hand, a double-glazed window is a better heat trap 
than a single-glazed window. Consequently, while slightly 
less heat can get in by direct radiation, considerably less 
can get out by transmission. The bottom plot of Fig. 10 
shows a slight decrease rather than increase in the ratio 
of the heats supplied with increasing sun effect, indicat- 
ing that the greater trapping effect of the double glazing 
overbalances its greater absorption. 


Conclusions 
1. By reason of the fact that under the same conditions the 


*Radiation of Energy Through Glass, by J. L. Blackshaw and F. C. 
Houghten, (A.S.H.V.E. Transactions, Vol. 40, 1934, p. 93.) 





inside surface of the glass in the double-glazed house w 
warmer than the same surface in the single-glazed house, 
pants of a double-glazed house will feel more comfortable |}, 
those in a single-glazed house. This fact also means that 
will form more readily on the inside surface of the glass | 
case of a single-glazed house than it will in the case of a d 
glazed house. 

2. The double-glazed test house described required fr: 





to 80 per cent as much heat as the single-glazed test | 
These ratios were affected somewhat by wind velocity, ten 
ture difference and sun intensity, the ratio decreasing 
increase in wind velocity and sun intensity, and with an in 
in temperature difference. 

3. The values shown for the ratio of the heats suppli 
the test houses would apply only for the ratio of wall to wi 
area and for the particular construction of these test hous 
Had either this ratio or the construction been different, 
the ratio of the heats supplied would also have been differen: 
As the ratio of window area to wall area increases the rat 
of the heats supplied to the two houses would decrease, the 
being the case of an all-glass house, in which case the rat 
would be about 50 per cent. Likewise, if the ratio of wind 
area to wall area is held constant, and the construction so cha: 
as to increase the insulating value of the walls and roof 
theoretical case of no heat flow through them, then the rat 
of the heats supplied would again be about 50 per cent, si 
the heat would have to flow through the glass. 





Atlanta Chapter Plans for Active Year 


October 4, 1938. Pres. C. L. Templin called the Atlanta 
Chapter meeting to order in the Biltmore Hotel at 8:00 p.m. 
Roll call revealed approximately 50 per cent of the membership 
present and the minutes of the last meeting were approved. 

Reports were called for by President Templin and Chairman 
W. J. McKinney of the By-Laws Committee, suggested that 
each member of the Chapter be furnished with a copy of the 
existing By-Laws for study prior to discussion at the next 
regular meeting. This suggestion was unanimotsly accepted 
and Secy. T. T. Tucker was instructed to mail opies to all 
members. 

Vice-Chairman C. E. Brockinton of the Membership Com- 
mittee reported that four prospective applicants were under 
consideration and it was anticipated that their formal appli- 
cations would be received at an early date. 

A written report of a meeting held by the Codes Committee 
was submitted by Chairman W. P. Sherman. 

C. T. Baker outlined plans for the Foods Preservation Con- 
ference at Knoxville, Tenn., October 20-21, giving a general 
outline of the history and purpose of this conference. It was 
announced that Messrs. Baker and Tucker expected to drive 
to the conference and that any of the members wishing to 
attend could make arrangements with them for transportation. 

An interesting talk on Selling Engineering was presented by 
P. C. Stone, of Atlanta Gas Light Co. Quoting from his ex- 
perience as supervisor of sales, Mr. Stone stated that without 
excellent engineering, he would have little to offer the purchaser. 
However, Mr. Stone expressed the belief that to successfully 
merchandise engineering, it is necessary to confine selling to 
simple language which can be readily understood by the ulti- 
mate consumer. 

The next item on the program was a discussion of How to 
Figure Residence Heating by F. L. Laseter, Atlanta Gas Light 
Co. Typical estimate sheets were distributed for the con- 
venience of members. Mr. Laseter stated that in approximately 
30,000 surveys of residence heating completed in greater At- 
lanta, only about 3,000 plants were found large enough to sat- 
isfactorily meet requirements. This condition was attributed 


750 


to many causes, but Mr. Laseter maintained that only thi 
well directed codes, approved by the Chapter, would 
possible to eliminate a condition of this kind. Keen interes 
in the subject matter was shown by the discussion which 
lowed, and comments were made by Messrs. R. L. Kent, ( 
Baker, M. G. Driscoll, Copeland, and others. 

September 13, 1938. Members and guests of Atlanta Chapter 
met at the Biltmore Hotel and were called to order by P 
C. L. Templin at 8:00 p.m. After roll call the minutes « 
previous meeting were read and approved. 

President Templin formally notified the Chapter of the tran: 
fer and resignation of H. K. McCain, secretary-treasure: 

The growth of the Chapter from its organization less ¢t! 
two years ago was outlined by President Templin, who 
pressed his hope for continued future expansion. With 
in view he called the meeting’s attention to the fact that 
officers in the past had been required to perform all of 
services necessary and pertinent to carrying on Chapter 
ness. This had been previously discussed at a special meetin: 
of the Board of Governors on September 7 and President 
Templin outlined a plan, which they had approved, whereby 
greater number of the members would be given an acti 
part in affairs of the Chapter. It was proposed that the 
Laws be amended to meet the Chapter’s needs. 

The office of Secretary-Treasurer was divided and nomina 
tions were called for from the floor. 





By unanimous acclain 
T. T. Tucker was elected secretary and C. B. Cole, treasur 

A series of standing committees to be appointed by the pres 
dent was then proposed and discussed, and the duties of ea 
committee were outlined. Committees were appointed as 
nounced in the annual report of the Chapter. 

A general discussion from the floor covering various program 
and entertainments for the coming season was the next order 
of business. It was decided, however, that this matter shou! 
be left in the hands of the Entertainment and Program | 
mittee. Some of the suggestions made were: (1) more papers 
by local Chapter members; (2) a question box; (3) expres 
sions from the floor by members on subjects of parti 
interest; (4) professional or outside speakers; and (5) pepper 


uppers. 
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The Permeability of Building Materials 


to Water Vapour 


By J. D. Babbitt,” 


HE problem of the condensation of moisture in 
buildings has recently been discussed in two 
papers'** and the general nature of the problem 
has been outlined. The authors of the papers are in 
agreement on all points and have reached certain def 
nite conclusions with regard to the causes and treatment 
of the trouble. They conclude from their studies that 
the moisture comes from the warm side of the wall (in 
ordinary buildings, the interior; in refrigeration, the 
exterior); that it migrates through the wall until it 
reaches a point where the temperature is below the dew 
point, and there it condenses, giving rise to free water 
and in some cases to ice. This accumulation of water 
and ice not only destroys the insulation of the wall to 
a large extent but it also leads to structural deteriora- 
tion from dry rot, etc. Under certain conditions, how 
ever, it has been found that there is no condensation of 
moisture even though the temperature is well below the 
dew-point corresponding to the temperature and humid 
ity within the building. There are two conditions under 
which this desirable state exists: first, the moisture may 
be prevented from diffusing through the wall by an im- 
pervious barrier at the interior surface; or secondly, 
there may be an easy path for the water vapour to con- 
tinue its migration towards the exterior. The vapour 
pressure tends to decrease with lowering of temperature 
so that the vapour always tends to move to the coldest 
point. It is only when this diffusion is restricted in 
some way that an accumulation of moisture occurs. 
Whether or not there will be condensation in a wall, 
and the point at which it will arise, is dependent on the 
following factors: 
1. The humidity within the building. 
2. The temperature gradient in the wall. 
3. The relative ease with which water vapour can pass through 
the various sections of the wall. 


When the temperature at some point in the wall is 
below the dew-point and if that portion of the wall on 
the warm side of this point allows the passage of water 
vapour more easily than the portion of the wall on the 
cold side, there will be condensation. If the warm side 

less permeable than the cold side there will be no 
condensation. Both of the previously mentioned pa- 
pers** stressed this fundamental point and, to alleviate 
this condition, it was suggested that some vapour-proof 
barrier be used on the interior portion of the wall com- 


bined with ventilation to the exterior. The ventilation 


"Division of Physics and Electrical Engrg., National Research Council 
a eee Within Walls, by F. B. Rowley, A. B Algren and C. E 
ind. (A.S.H.V.E. Journal Section, Heating, Piping and Air Conditioning 
inuary, oon. p. 49) 

*Condensation in Walls and Attics, by L. V. Teesdale (Forest Products 
‘boratory, Madison, Wis., October, 1937.) 

Loc. Cit. See Note 1. 

‘Loc. Cit. See Note 2. 
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may be dispensed with if the vapour barrier ts sufh 


ciently efficient and, generally, there is sufficient leakag 


through cracks and joints for ventilation without the 
addition of special openings for this purpost Rowley 
and Teesdale emphasize the point, which Was prey ous! 
overlooked, that the exterior portion of the wall should 


not be made vapour proof but that ‘all vapour barriet 


should be on the interior 

lt appears then from these studies that the condens 
tion of water in a wall depends, among other factors 
on the permeability of the wall to water vapour, or rathet 


on the relative permeability of the imterior and exteri 


portions of the wall. This point has been vividly ex 
pressed by Rogers® by means of an illustration showin 
two basins into which water is running at the same rate 
The accumulation of water depends on the relative siz 


the outlet to inlet. So in a wall the accumulation of 
moisture is dependent on the relative permeability 
moisture of the two portions of the wall 

In order to plan a wall construction which will be 
proof against moisture condensation it is necessary, 
therefore, to insure that less water vapour will diffuss 
into the wall from the warm side than can be carried 
away by diffusion towards the exterior In planning 
such a wall it is essential to know (1) the properti 
building materials with regard to water 


vapour transmission and (2), the actual con 


of the various 


i 
of the wall taking into consideration such details as 
cracks, 


left for ventilation. It 


joints in the material and openings purposel 
is difficult to assess the in por 
tance of this second problem depending as it does on 
the construction of the building and, of course, almos 
entirely on individual workmanship. In the case of 
material like wood sheathing it is probable that, ; 
there is a considerable transfer through the wood itself 
by far the greater part of the moisture diffuses throu 
the cracks between the boards. There is need for 
investigation on the amount of vapour diffusion throug 


Data on the best methods 
| 


cracks of various sizes 


sealing the joints between sections of building paper are 
essential before any real estimation can be made of 1 
permeability of a structure to water vapour. Rowley 
has initiated studies on this aspect of the subject by 
comparing the efficiency of building paper as a vapour 


] 
the paper 


stop under two conditions: (1) the joints in 


were lapped only; and (2) they were lapped and sealed 
In the second case slightly less moisture passed throug! 
indicating that there is some 
through lapped joints. 


the structure, 


It is impossible from tive avy ul 


| 


able data to estimate the importance of the jomts and 


Preventing Condensation in Insulated Structur I . Rowe 
(Architectural Record, 83, 10 March, 10938 
®Lox Cit. See Note 1 








cracks existing in the wall compared to the leakage 
through the material itself and more quantitative work 
will have to be done before satisfactory estimates can 
be made. Rowley has also investigated the effect of 
boring four 1l-in. vent holes in the outer side of the 
wall and found that under these conditions no conden- 
sation was obtained. It will be interesting to learn 
what is the minimum size of hole that is required to 
ventilate a given air space under specified conditions, 
but greater knowledge is required before this question 
can be answered. 

It is very desirous in estimating the permeability of 
any wall to water vapour to know the vapour transmis- 
sion coefficient of the various materials. Unfortunately 
at the present time this datum is available for few 
building materials. Both Rowley and Teesdale were 
interested in a general elucidation of the problem of con- 
densation in walls and they were concerned with 
discovering the general principles governing the phe- 
nomenon rather than the properties of the individual 
materials. Rowley gives values showing the weight of 
condensate obtained with various walls under the test 
conditions and thus gives a means of comparing the 
relative efficiency of the various wall constructions ob- 
served. However, it is impossible to compare these 
results with measurements obtained in other laboratories 
under slightly different conditions. A knowledge of the 
absolute values of vapour transmission coefficients of 
all building materials is essential. It is suggested that 
a table of diffusion coefficients be prepared similar to 
the table of thermal conductivities published in the 
A.S.H.V.E. Heatinc, VENTILATING, Arr ConpImTIon- 
ING Guipe. When such a table is available it will be 
possible to calculate the permeability of a structure to 
water vapour in a manner similar to that used for de- 
termining the thermal transmission of a wall computed 
from the conductivity values of the various building 
materials. 


Explanation of Diffusion Coefficient 


Before discussing the methods by which it is possible 
to obtain an absolute value of the diffusion coefficient, an 
examination of the meaning of this term should be ob- 
served more closely. In a literal interpretation the term 
diffusion is used to define the phenomenon by which 
one fluid (liquid or gas) is able to mix with another 
when brought into contact with it. This phenomenon 
is due to the movement of the molecules themselves, 
which by means of the energy of thermal motions tend 
to distribute themselves systematically throughout the 
mass of fluid. In the case of the diffusion of water 
vapour through building materials, the movement of a 
gas through a solid is of importance, rather than the 
movement of one gas into another. This is further com- 
plicated by the fact that there is definite evidence that 
in many cases it is not a diffusion phenomenon at all. 
In diffusion there should be no reaction between the 
two types of molecules, but only elastic collisions. In 
the transfer of water vapour there is in many cases ad- 
sorption at one surface, migration of the adsorbed par- 
ticles along internal surfaces, and liberation at the other 
surface. This results in a net transfer of water, but the 
relation between the water and the material is much 





more intimate than in true diffusion. Also there is 
relation between the permeability of a substance to 
and its permeability to water, showing that the tra: 
fer of moisture is a different process. Rubber has lx 
shown to be 50 times as permeable to water vapor 
to hydrogen and, since lighter gases diffuse much m 
rapidly than heavier ones, this indicates that there {x 
some additional action in the case of water. 

However, in treating the transfer of water vap 
through solids it is more satisfactory to assume tha 
is a diffusion process and thus to use the relations w! 
have been previously established. What measurenx 
have been made indicate that within broad limits 
diffusion formulae give satisfactory results. Acc: 
ingly, Fick’s Law can be used, which can be stated 
follows : 


dAt 
W = Pe Oe i Soe 
X 
where, W = weight of water diffusing 
time ¢ through a material of thickness X and area 


vapour 


when the vapour pressures on the two sides of the n 
terial are P, and P, respectively. The coefficient of di 
fusion or the diffusivity is d. It is interesting to not 
that Equation 1 is exactly similar to Fourier’s Law 
the transfer of heat through a homogeneous material 
QO, the total heat transferred, is substituted for WW’, 
the coefficient of conductivity, for d; and 7, and 7 
the temperatures, for the pressures P, and P,. If ther 
the vapour migration obeys Fick’s Law and the coeffi 
cients d are known, water vapour diffusion can be han 
died in a manner exactly similar to the treatment 
heat transfer. 

From this formula the diffusivity d can be defined 
the weight of water vapour passing through a unit 
area of the material when a unit of vapour-pressur 
difference is maintained per unit of thickness. Unfor 
tunately there are several units which may be used 
express d. Using the metric system the most convenient 
unit of measurement is grams per 24 hours per square 
meter of area with a vapour-pressure difference of on 
millimeter of mercury per centimeter thickness, In th 
English system of units the expression is pounds per 2 
hours per square foot of area with a vapour-pressur 
difference of one inch of mercury per inch of thickness 

It is convenient to define the diffusance D (analogous 
to the conductance in heat transfer) as the weight of 
water vapour passing through a unit of area when a unit 
of vapour-pressure difference is maintained between thi 
two surfaces of the material. In a manner similar to 
the treatment of heat transfer the resistivity and the 
resistance can be defined as the reciprocals of the dif 
fusivity and diffusance respectively. In calculating th 
resistance of a built-up wall to water vapour it is onl) 
necessary to add the resistances of the individual se 
tions as in the case of heat transfer. 

There are two important considerations to be investi 
gated with respect to water vapour migration. The first 
is to determine how reliably Fick’s Law represents va 
pour transfer and the second is to evaluate d for all 
materials used in wall construction. The investigations 
on building materials which are at present available are 
practically negligible, for with the exception of some 
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easurements on wood"* and a few building papers, 
there have been no measurements of the diffusion co- 
fidents of building materials. There have been, how- 

numerous investigations on the vapour permea- 
bility of other classes of materials so that there already 
. fairly respectable mass of data on which to base 
some preliminary conclusions. A paper by Carson’ 
summarizes previous measurements and from these ob 
servations some generalizations may be established. In 
the following discussion of the measurement of the dif- 
fusion coefficients of building materials the conclusions 
are based on the findings given by Carson. 


The Measurement of the Diffusion Coefficient 


Assuming that the transfer of water vapour through 
a solid material obeys Fick’s Law it is a simple matter 
to evaluate the coefficient d. Carson has listed five 
methods that have been used. The simplest method and 
the one most commonly employed is to use a dish or cell 
which can be sealed off by means of the material whose 
coefiicient is to be measured. Distilled water or an 
aqueous solution of required vapour pressure is put in 
the cell. It is then placed in a constant temperature 
enclosure where the humidity is maintained at a low 
value by means of some desiccant. The loss of moisture 
through the specimen can then be determined by weigh- 
ing at successive intervals. When an equilibrium condi- 
tion is reached, d can be calculated from Fick’s Law, 
since all the necessary data are known. A certain time is 
required before the loss of moisture becomes uniform 
owing to the fact that most building materials are hygro 
scopic and there is a definite change of moisture content 
with humidity. If the weight of the cell is plotted against 
time, a linear relation will be obtained when equilibrium 
has been reached. The slope of this line gives the loss 
of moisture per hour. This method can also be reversed 
in that the desiccant can be placed in the cell and the 
enclosure maintained at high relative humidity. The 






MMMM, 






e 
DESICCANT I 


Fig. 1—Evaporating dish for testing water 
vapour transmission through specimen 


cell which is used in this method may be either a crys- 
tallizing dish in which case the specimen fits in flush 
with the top of the dish, or it may be a more compli- 
cated cell in which the specimen rests on a flat hori- 
zontal surface. The two arrangements as used in the 
National Research Laboratories are shown in Figs. 1 
and 2. In both cases the validity of the results is de- 
pendent on the efficacy of the seal between the specimen 
nd the vessel. 


Even when Fick's law is accepted as valid there are 


The Movement of Moisture with Reference to Timber Seasoning, by 
S Cc. Stillwell, (Forest Products Research, Dept. Sci. Ind. Res., Great 
‘ritain. Technical papers No. 1, 1926.) 
Moisture Movement Through Wood: The Steady State, by J. F. Martley. 
Forest Products Research, Dept. Sci. Ind. Res., Great Britain, Technical 
ers No. 2, 1926.) 
"permeability of Membranes to Water Vapour with Special Reference 
ackaging Materials, by F. T. Carson. (Bureau of Standards, Miscel- 
cous publication M127, August, 1937.) 


‘kaTING, Preinc anp Air Conpitioninc, November, 1938 





several precautions which must be observed in making 
such a measurement. Carson’s study has shown a very 
wide range in the results obtained by different investi 
gators on the same material. Some of these results may 
be accounted for by the variation in the material itself 


but undoubtedly the greater part is due to a lack of 
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Fig. 2—Duralumin cell for determining 
water vapour transmission through speci- 
men 


proper precaution in making the measurements. The 
sources of error which are most apt to destroy the value 
of the measurements are the following: 

l Leakage 


sel, there is the possibility of moisture escaping from the cel 
Different substances 


Unless the specimen is sealed tightly to the ves 


without passing through the test material 
have been used by different investigators to prevent leaks and 
such materials as beeswax, beeswax and rosin mixture, rubber 
solution, petrolatum, shellac and various other sealing waxes have 
been reported satisfactory. The most convenient method by whic! 
to test the efficiency of a material as a seal is to use it with som 
material such as a metal plate which allows no vapour to pass 


In this case any loss of weight would be through the 
} 


through it. 
sealing compound. Irrespective of the nature of the sealing su 
stance great care must be taken with each individual specimen as 
there is no method by which a leak can be discovered except 
repeating the measurement. Carson, in studying the results 
different investigations, came to the conclusion that there is a 
relation between the value of the coefficient obtained and th 
amount of care taken by the investigator to seal the sample 

2. Edge Losses: Such losses arise through a lateral flow of 
water vapour in the specimen with subsequent loss through the 
cut edges to the exterior. It is much more likely to occur in a 
all cases, how 


ever, the cut edges of the specimen should be sealed so that all 


cell of a type shown in Fig. 2 than in Fig. 1. In 


possibility of such error is eliminated 

3. Vapour-Pressure Difference Across the Specime An el 
ment of doubt exists in regard to the accuracy of the measure 
ments of the vapour pressures at the two faces of the sampk 
Since air itself offers a finite resistance to the transfer of vapour 
it is wrong to suppose that the vapour pressure at the surface of 
the material is the same as that at the surface of the liquid, un 
less the liquid is very close to the surface or the rate of transfer 
of water vapour is very slow. In other words, unless the resist 
ance of the air space is negligible compared to the resistance of 
the specimen, it is not justifiable to assume that the vapour drop 
across the specimen is equal to the overall pressure drop. The 
pressure difference between surface of liquid and surface of ma 
terial depends on the distance between these two points and o1 
The total 


pressure drop between aqueous solution and desiccant is divided 


the amount of water vapour that is being transferred 


into three separate terms depending on the following resistances 

(a) Resistance of air space between surface of aqueous solution 
and surface of specimen. 

(b) Resistance of specimen. 

(c) Resistance of air space between surface of specimen and 
desiccant. 





The relative magnitudes of these three terms are the 
deciding factors in the distribution of the pressure gra- 
dient. If the resistance of the specimen is large com- 
pared to the combined resistances of the air spaces, then 
the greater part of the vapour pressure drop will be 
across the specimen and no sensible error will be intro- 
duced by using the overall pressure drop in the equa- 
tion to determine d. On the other hand when the re- 
sistance of the specimen is so small that it is comparable 
to the resistances of the air spaces, then only a fraction 
of the pressure drop is due to the specimen and allow- 
ance must be made for the drop across the air spaces. 
Carson has reported some tests on permeable substances 
in which from one-third to nine-tenths of the vapour 
pressure drop took place through the layer of air con- 
fined in the cell under the specimen. He also reported 
that in tests of materials very permeable to water vapour, 
including regenerated cellulose sheeting and textile fab- 
rics, the vapour pressure drop through a half-inch layer 
of confined air was so great in comparison with that 
through the specimen alone that substantially the same 
value was obtained for each of the different materials 
tested. This problem is analogous to the heat transfer 
problem where allowance must be made for the surface- 
air conductance, but it can hardly be solved in the same 
way (by the use of a surface coefficient). It differs 
from the heat problem in that here the gradient is con- 
stant across the air space, while in the heat transfer 
problem the temperature is assumed constant at all dis- 
tances from the surface greater than one-half inch. 

Martley”® in his investigations on the vapour permea- 
bility of wood calculated the resistances of the air spaces 
from the formula: 


Uy-Ue 
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W=k 
where, W is the moisture loss in time ¢; / the distance 
between the surface of the liquid and the surface of the 
specimen; a the area; k the coefficient of moisture dif- 
fusivity in air; uw, the moisture content of the air at the 
surface of the solution and wu, that at the surface of the 
specimen. The values of k and u were obtained from 
Landolt-Bérnstein Tabellen. In the case of the diffu- 
sion from the outer surface of the sample there is some 
difficulty in deciding the appropriate value to use for 
the area a, since it is not so clearly defined as in the 
inside of the cell. 

Carson has suggested a method by means of which 
these pressure gradients in the air spaces may be elimi- 
nated. If the air can be made to move across the face 
of the sample. with a high velocity it will be impossible 
for pressure gradients to build up. The minimum. ve- 
locity which is necessary to eliminate all pressure dif- 
ferences has not been determined, but a fan blowing 
a strong stream of air across the face of the sample 
should be sufficient for the purpose. This can easily 
be arranged for the exterior surface of the specimen but 
is hardly available for the elimination of the gradient 
across the air space within the cell. The only solution 
which Carson has to offer in this case is to bring the 
surface of the liquid as close to the surface of the sample 
as possible. It is important that the liquid does not 


WLoc. Cit. See Note 8. 
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touch the surface as the permeability to liquid \ te; 
differs from that for water vapour. To avoid this 
sibility Carson suggests that a solid desiccant be us: 
the cell and brought almost in contact with the su 

of the test specimen, If these arrangements are 

no great error should arise in assuming that the va 
pressure drop across the specimen is equal to the 0 
pressure difference between desiccant and solution 
unless some such provision is made such an assum, 

is not justified. In any reliable measurements th: 
pour pressure drop through the specimen should |) 
termined by subsidiary measurements. One mx 
would be to use some substance which absorbs moisiy 
such as wood or wood pulp. <A determination o 
amount of moisture absorbed at different 
through the sample together with the moisture ab. 
tion curve should be sufficient to determine accurat 
the vapour pressure gradient. Martley"' has used +! 
method in his determination of moisture migratio 
wood, and Taylor, Herrmann and Kemp" have 
ployed the same procedure for rubber membran 
Abrams and Brabender’® have used the absorption 
filter paper to determine the relative humidity at int 
vals between the surface of the liquid and the test mat 
rial. They have found that this varies very decid 
with the permeability of the material. 
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Fig. 3—Arrangement of apparatus for 
observing water vapour transmission 


The arrangement of apparatus which is used in | 


National Research Laboratories is shown in Fig. 3. T! 


box which is constructed of wood is painted on the insic 
with aluminum paint to prevent excessive loss of hu 
midity. The temperature is kept constant by means « 
a thermostat controlling two lights. The humidity 1s 
supplied at a constant vapour pressure by a saturated 
solution in the tray on the bottom of the box. The rela 
tive humidity is recorded on a recording humidograph 
A fan is placed so as to blow the air over the suriac 
of the sample and to circulate air over the solution. 


The items previously mentioned are the sources oi 
error that are most apt to vitiate the measurements oi 


the diffusion coefficients but there are several other fac 
tors which cannot be overlooked. It is, of course, essen 
tial to maintain a constant temperature as it is probabli 
that the temperature has an effect not only on the vapou' 


“Loc. Cit. See Note 8. 

“Diffusion of Water Through Insulating Materials, by R. L. Taylor 
D_ B. Herrmann, and A. R. Kemp. (/nd. Eng. Chem., Vol. 28, 1255, N 
vember, 1936.) 

Factors Affecting the Determination of Water Vapour Permeabilit 
Allen Abrams and G. J. Brabender. (Paper Trade Journal, 102 | 
Sect. 205, 1936.) 
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Table 1—Values of Diffusion Coefficients for Various Materials of Carson's table indicates that 
; there are almost as many dit 
Grams/24 Hours ferent values of diffusion c 
Vv Art mnt R SQ _ D > . " y ? 7 ] ’ } 7 
THickNess | TEMPER PRESSURE one Bio Grams/24 emMmecient tor a material as there 
TESTED ATURE | Dirt Hours/So m re investigators resulti 
MATERIAL cM) Dec C mM HG Cm mum HG REFERENCE . , a eee 
: - re " hot ¢hy \ 
—— | From 1 to | 40 | Average up | 17 6a Ma a probably trom both ne Va 
| Sem to 20 mn tion in the material and é 
\sphalt Sealing | j ( . , : 
Sompound | 0.0820 25 22 8—00| 27 6 x 10-4 0 034 2 Taylor, He " difterences in the method o 
Wax 0.051 21.1 18s .6 0.0} 1 44 x 10-4 0 0028 / & Kemp (12 
, testing It indicates the nee 
bbe 1 0 to 240) x 10-4 Ca 9 : 
se ior a systematic investigatiol 
Dp ©. 73 to 250 ( ” 
sets leading to son standar 
Waxed Paper 0.08 to 120 | Cas 2 method of test 
Moisture-proated , a ' : It is interesting te not 
“~sber Doar - 
Fil that one published recommet 
rotectiave Films 
paints; varnishes dation’® for vapour seals 
und aircraft fin . 
ishes 0.19 *t ( " dicates that the barrier use 
; should transmit water vapou 
*Mean value extracted from results given for Scots Pine Cylinder : : : 
bThese are for films 1 mil (0.0025 cm) thick no taster than O.40 ¢ vrams 
per square meter 1 
pressure of the solution but also directly on the diffusion under a vapour-pressure difference of 18 mm mercu 
itself. There is still some doubt on this point; some Transforming these units to those referred 1 
experimenters** record an increase in water vapour per lable 1, its value reduces to 0.53 ¢ per square ete 
meability (per unit pressure difference) with increase per 24 hours per millimeters mercury 


in temperature, while others find no change except at 
high humidities and temperatures. However, it is prob 
ably quite legitimate to change data derived at one tem 
perature to another standard temperature by correcting 
for vapour pressure alone as long as the temperatures 
are not widely separated. 


Table of Diffusion Coefficients 


In Table 1 some values of the diffusion coefficient are 


given, These values have been condensed from the 


table given by Carson, and his paper should be consulted 


for the original references. In this table, for some sub- 


stances, only the range of values obtained is given since 


this will suffice to give an idea of the order of magni- 


tude to be expected, and will, at the same time, indicate 


the variation in the different published results. A study 


4] oc. Cit See Note 12 


This brief outline of methods of measuring 


sion coefficient has been presented in the 


Conclusion 


} hope that 


may be of use in analyzing the problem of migration 


water vapour in buildings 


thor 


various building materials is an immediate 


order to plan vapour-proof walls on sound principl 


Some 


the measurement 


* measurements 


are at 


the 


diffusion 


In 
the 


opinion 
of con ficients 
necessity 
made at 


present being 


National Research Laboratories and it is to be hope 
that other institutions will undertake similar investig: 
tions so that data from more than one source will 
available. 

Practi nsati B 


neering 


Division, Kur 











NOMINEES 





R. E. Daly 
New York, N. Y. 


W. A. Danielson 


Louisville, Ky. 


Heatinc, Purine AND Air Conpirioninc, Novemeer, 1938 


FOR COMMITTEE 


H. J. Rose 
Pittsburgh, Pa. 





As ts (Conde 


ON RESEARCH 


_ 
Toronto, Can. 


Tasker 


the diffu 


of the au 


) 





C.-E. A. Winslow 


New Haven, Conn. 








Westinghouse Memorial 
in Schenley Park 


FOUR-DAY meeting of the A.S.H.V.E. is to be held 

at the William Penn Hotel, Pittsburgh, January 23-26, 

and the Council has approved the plan of the Meetings 
Committee to place special emphasis on research activities. 

This 45th Annual Meeting of the Society also marks the 20th 
year in which the Society has maintained its Research Labora- 
tory at the U. S. Bureau of Mines. Many of the papers to be 
offered report the results of research investigations that have 
been under way this year. The main topics of discussion will 
be air flow, physiological sensations, heat transfer, fuels, and 
the design factors that influence air conditioning applications. 

Some of the papers to be offered are: 

Recent Advances in Physiological Knowledge and Their Bearing on 

Ventilating Practice, by C.-E. A. Winslow 
Cardiac Output, Peripheral Blood Flow, and Blood Volume Changes in 

Normal Individuals Subjected to Varying Environmental Temperatures, 


by F. K. Hick, R. W. Keeton, Nathaniel Glickman and H. C. Wall 


Body 


The Role of the Extremities in the Dissipation of Heat from the 
in Various Atmospheric and Physiological Conditions, by Charles 
Sheard, Marvin M. D. Williams, Grace M. Roth and Bayard T 
Horton, 

Skin Temperatures of the Extremities and Effective Temperature, 
Charles Sheard, Marvin M. D. Williams and Bayard T. Horton. 

C. Houghten 


by 


Air Conditioning Requirements of an Operating Room, by F 
and Dr. Lee Cook. 

Some Reflection and Radiant Characteristics of Aluminum, by C. S. 
Tayior and J. D. Edwards. 

A Study of the Heat Requirements of a Single-Glazed Test House and 
a Double-Glazed Test House, by M. L. Carr, R. A. Miller, Leighton 
Orr and David Shore. 

Heat Transfer in Storage Water Heaters, by D. W. Nelson and A. A 
Rosenberg 

Practical Methods of Preventing Condensation of Moisture in Walls, by 
F. B. Rowley, A. B. Algren and C. E. Lund 

Responsibility of A.S.H.V.E. Towards Solid Fuel Industry, by W. A 
Danielson 

Selection of Solid Fuels from the Viewpoint of the Small Consumer, 
by P. Nicholls 

Small Stokers, by P. A. Mulcey and R. A. Sherman. 

Improvements that are Needed in Heating Equipment, by T. H. Urdahl. 

Performance of Stoker-Fired and Hand-Fired Warm-Air Furnaces in 
the Research Residence, by A. P. Kratz, S. Konzo and R. B. Engdahl. 

Frictional Resistance to the Flow of Air in Ducts, by F. C. Houghten, 
J. B. Schmieler, John Zalovcik and Nicholas Ivanovic. 

Air Conditioning in Industry, by W. L. Fleisher, A. E. Stacey, Jr., and 
F. C. Houghten. 

Limitations of Smoke Abatement Problems and Practical Methods for 
Their Elimination, by H. B. Meller 

Relation of Rank of Coal to Smoke Producing Tendencies, by H. J. 
Rose and F. P. Lasseter. 

Air Filter Performance as Affected by Low Rate of Feed, Various Types 
of Carbon, Dust Particles Size and Density, by F. B. Rowley and 
R. C. Jordan. 

The Effect of Heat Storage and the Variation in Outdoor Temperature 
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Pittsburgh Plans 
for Big 


Annual Meeting 
of the 


Society 


and Solar Intensity on the Heat Transfer Through Walls, 


Alford, J. E. Ryan and F. O. Urban 
The Determination and Practical Application Weather Desig: 
by T. H. Urdahl, John Everetts, Jr., and J. C. Albright 
Influence of Building Construction on Air Conditioning, by F. E. Gies 
The Committee on Arrangements of the Pittsburgh Chapt 
headed by R. A. Miller, is planning a fine program of ent 
tainment for members and ladies who are present. All n 
bers will find it worthwhile to attend the 45th Annual M:« 


ing, January 23-26, 1939. Pittsburgh says Welcome A.S.H.\ 


Pittsburgh Chapter Plans for 
A.S.H.V.E. Annual Meeting 
October 10, 1938. Pres. J. F. 


burgh Chapter meeting to order at 7:35 p.m. in the pri 
dining room of Stouffer's Restaurant. An attendance of 48 


Collins, Jr. called the Pitt 


members and guests was recorded. 

The minutes of the previous meeting were read and appr 
and reports were then in order. 

Chairman P. A. Edwards of the Membership Committ 
introduced H. J. Kirkendall as a new member. 

Due to the absence of R. A. Miller, general chairman of 
Committee on Arrangements for the Society's 45th Annual M: 
ing in January, 1939, President Collins presented his rep 
which included a tentative budget of income and expenditu: 
previously approved by the Board of Governors. 

President Collins appointed the following members to t 
Chapter’s Nominating Committee: M. L. Carr, chair) 
R. J. J. Tennant. 

R. H. Heilman, senior industrial fellow, Mellon Institut 
was introduced by President Collins as the speaker of 
evening. Mr. Heilman gave a resumé of his research 
field of heat transfer through pipe and building insulat 
material. His paper, which was well illustrated by slides 
pointed out the effect of density at low and high mean 
perature on heat transfer, the relative importance of radiat 
and convection at different temperature levels, and the efi 
of shape on rate of heat transfer. Improvements in the des 
of insulating materials which resulted from this research wer 
also described. Mr. Heilman concluded his lecture wit! 
description of new ducts fabricated from asbestos paper. 

According to Secy. T. F. Rockwell's report, the paper pro 
to be very interesting to the members and guests, and 
meeting was adjourned at 9:50 p.m. 

September 12, 1938. Pittsburgh Chapter opened the seas 
of 1938-39 with a meeting in Stouffer’s Restaurant, which was 
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d to order by Pres. J. F. Collins, Jr. Fifty-two members 


Ca 
and guests were present. 

S. Maehling, treasurer, presented a report giving the Chap- 
te financial condition as of September 1, 1938. 


President Collins introduced R. D. Van Houten as the speaker. 
\r. Van Houten is vice-president of the Sales Analysis Insti- 
tute and chose as his subject Engineering Sales Presentation. 
In his introduction the speaker stressed the point that selling is 
the income side of business and that everyone must sell at 
some time. Mr. Van Houten then analyzed in detail the neces 
sary steps in a well planned sales campaign. 


The meeting was adjourned at 10:00 p.m. 


F. B. Rowley Speaks 
at Michigan Meeting 


October 10, 1938. The first meeting of the 1938-39 season 
of the Michigan Chapter was held at Huyler’s L’Aiglon in the 
Fisher Building with approximately 80 members and guests 
present. 

Pres. F. J. Linsenmeyer called the meeting to order at 7:30 
p. m. and asked for roll call, reports of the secretary and 
treasurer, and the chairmen of the Membership and Program 
Committees. 

Tentative plans for the Semi-Annual Meeting of the A. S. H 
V. E. to be held at Mackinac Island, July 2-5, 1939, were out 
lined by W. G. Boales. 

Prof. F. B. Rowley, past president of the Society and director 
of the Engineering Experiment Station, University of Minne 
sota, was the guest speaker of the evening and visited the Chapter 
through the Society’s Speakers Bureau. 

In an illustrated lecture Professor Rowley presented informa- 
tion resulting from research conducted on the problems of con 
densation within walls. He pointed out that condensation within 
walls was not necessarily a function of the type or make of 


insulation used, but was more directly dependent upon the vapor 


seal used in the wall. Professor Rowley also showed that con- 


densation in attic spaces could be eliminated by proper attic 


ventilation. 


After the lecture, Edmund Kuhlman, president of the reater 


Detroit Home Builders Associati presented the problem of c 

densation and insulation from the builder’s point of view. Prof 
L. G. Miller, head of the Department of Mechanical Enginee 
ing, Michigan State College, discussed some research bei 
conducted on vapor transfer through various typical wall se 
tions. Joseph Wolff, Commissioner of Building and Safety | 

gineering, City of Detroit, told of the interest of his depart 


ment in condensation and its effect upon wood frame decay 
The meeting was adjourned at 10:30 p.m. with a rising 
of thanks to Professor Rowlev. according to the report i Ss 


G. H. Tuttle. 


Gas-Fired Refrigerating Units Interest 
Southern California Chapter 


October 12, 1938 The first meeting tl 1938 ca 
of Southern California Chapter was held at the Colonial Banque 
Room, Los Angeles, with an attendanc« f 66 members ar 
guests. 

After the meeting was called to order, the new ers wert 
introduced and the following committee chairmen were app é 
Vembership Comnuttee—O. W eee id icit pronitte 
H. H. Douglas: speakers Committe E. H. Kendall nd 


gram Committee—]. F. Park 
’ 


The annual report was read by the secretary ar 


urer’s report was given 


Glen Miller of Southern Counties Gas Co., was introduced 
as the speaker of the evening and discussed Small Ga 
Refrigerating Units for Air Conditioning Mr. Miller's tall 
was very interesting and well presented, according to Secy. A 


J. Hess, and included a brief resumé of general types, followed 


by a detailed description of the more important systems on th 
market with their advantages and disadvantages. The economics 
of the use of gas for cooling as compared to the use of el 
tricity was discussed, and comments were offered on possibl 
future developments 

After the conclusion of Mr. Miller's talk, an interesting grouy 
discussion was conducted before the meeting adjourned 








CANDIDATES FOR MEMBERSHIP 








The Constitution of the Society, as now amended, requires the following mode of procedure in voting on applicants for member 


ship in the Society. 


All applications for membership are to be sent to the Secretary and the names of applicants and their references 


shall be printed in the next issue of the Journat of the Society or sent to the members in other approved manner as ordered by the 
Council. When replies are received from references, the Candidate’s application shall be submitted to and acted upon by the Commit 


tee on Admission and Advancement as soon as possible. 


When the Committee on Admission and Advancement has acted favorably upon a Candidate's application and assigned 
the Council shall vote upon the election of the proposed Candidate for membership by letter ballot 
cations for membership have been received and the names of these men and their sponsors are published in the following list 

Members are requested to scrutinize the list with care. The Committee on Admission and Advancement, and in turn, 
urge the members to assume their share of responsibility of receiving these candidates into membership by advising the 


1 his grade 
During the past month 26 appli 
the Council, 


secretary 


promptly of any whose eligibility for membership is in any way questioned. 


All correspondence in regard to such matters is strictly confidential, and is solely fur the good of the Society, which 


duty of every member to promote. 


Unless objection is made by some member by November 15, 1938, these candidates will be ballotted upon by the C 


elected to membership will be notified by the Secretary immediately after election. 


CANDIDATES 


' presia ft P. A., Chief of Mech. Section, U. 
Washington, D. C. 


LLIN, W. W., Chief Engr., Home Insulation Div., Johns- 


Manville Sales Corp., New York, N. Y. 


Heating, Prine AND Air Conprrioninc, NovemsBer, 1938 


S. Housing Authority, 


REFERENCES 
Proposers Si nders 
A. k. H. Scott ( | Mavette 
T. H. Urdahl V. F. Manos (Non-Member) 
L. G. Miller Elliott Harringtor 
F. B. Rowley Wharton Clay 





